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HE prevention of peritonitis follow- 

ing elective operations on the colon 

is largely a matter of the application 

of good surgical methods. This in- 
cludes adequate preoperative preparation, 
skillful surgical repair of the colon, sound 
judgment in the use of methods to prevent dis- 
tention of the intestine, and attention to other 
details of postoperative care. However, in 
spite of the greatest care to prevent contam- 
ination during operation on the colon, unpre- 
dictable situations may arise where some con- 
tamination of the operative field with the 
contents of the colon is unavoidable. There 
is increasing evidence that the risk of serious 
infection resulting from such contamination 
may be substantially reduced by the preoper- 
ative oral administration of certain antibac- 
terial medications (Poth, 10; Zintel; a 
wood; Dearing; Pulaski, 7 and 8). 

The following experiments have been de- 
vised to assist further in the evaluation of 
several pharmaceutical preparations used as 
intestinal antiseptics to aid in the prevention 
of infection with intestinal bacteria during 
resection of the colon. 

From The Experimental Surgery Laboratories, University of 
California School of Medicine. This work was aided by a grant 
from the Federal Security Agency, United States Public Health 


Service, National Institutes of Health, Division of Research 
Grants and Fellowships, Bethesda, Maryland. 


Thirteen groups of adult mongrel dogs 
weighing between 9 and 15 kilograms were 
used for this study. All surgical procedures 
were done with intravenous sodium pento- 
barbital anesthesia. Initial fecal bacterio- 
logical studies were made, the Lockwood 
method being used. Colony counts of the 
three most important pathogenic groups of 
intestinal bacteria were made. 

Intestinal antiseptic medication was given 
orally in capsule or tablet form during the 
immediate preoperative period only. No other 
chemotherapy was used in the experiments. 
Preliminary studies were made in order to 
determine the proper number of days required 
for the preoperative administration of the va- 
rious drugs. 

In all animals laparotomies were performed 
under anesthesia, the aseptic technique being 
used. The spleen and omentum were removed 
and a segment of the mid-portion of the colon, 
3 inches in length, was resected. A closed end- 
to-end anastomosis of the colon was done by 
means of a single row of interrupted cotton 
sutures (Fig. 1). In one of the control groups 
consisting of 16 animals, no contamination 
with feces was done. In all other groups of 
animals the resected segment of colon was 
opened and 2 milliliters of feces were removed. 
One milliliter of feces was mixed with 2 milli- 
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B. Cross section 


clon filled with 
fecal material 


Fig. 1. Resection of segment of colon containing feces with end-to-end closure. 


liters of normal saline solution and sprayed 
from a syringe throughout the peritoneal 
cavity (Fig. 2). One gram of feces was used 
for bacteriological studies. The laparotomy 
wound was closed around a small rubber cath- 
eter. The catheter was removed 6 hours post- 
operatively after it was used to take a culture 
of the peritoneal fluid. Laparotomies were 
performed under anesthesia in surviving an- 
imals 7 days and 30 days after contamination, 
at which time the peritoneal cavity was in- 
spected and bacterial cultures were made. 
Cultures were taken at autopsy if the animal 
expired. The only treatment given postoper- 
atively was infusion of 5 per cent glucose in 
physiological saline. This infusion was con- 
tinued daily until the animal was able to take 
fluids by mouth. 

In animals that survived, observations were 
continued for a period of 30 days postopera- 
tively. Three groups of animals served as 
controls: 

1. The first group of 16 animals received no 
preoperative medication. No contamination 
was done at colon resection and all animals 


survived the period of the experiment without 
complication. 

2. Thesecond group consisted of 12 animals, 
each of which received 15 milliliters of mag- 
nesium sulfate on each of 2 consecutive days 
in order to liquefy the stools so that they 
would be comparable in consistency to those 
of certain groups of animals which were re- 
ceiving antibacterial medication. Bacterial 
colony counts were found to be increased fol- 
lowing purging with magnesium sulfate. No 
antibacterial therapy was given and fecal con- 
tamination was done at the time colon resec- 
tions were performed. All 12 animals died 
with fulminating, diffuse peritonitis. The 
average survival period for this group of con- 
trol animals was 27 hours. 

3. A third group of controls consisted of 5 
animals in which no preoperative medication 
was used and fecal contamination was done at 
the time of colon resection. All 5 animals died 
with fulminating, diffuse peritonitis with an 
average survival period of 47 hours. 

Ten groups of animals served to test the 
efficacy of various orally administered thera- 
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Fig. 2. Contamination of peritoneal cavity with measured quantity of stool from 


colon segment. 


peutic agents to prevent peritonitis when the 
experimentally controlled contamination, as 
described previously, was done during colon 
resection. 

1. Sulfasuxidine. Each of 11 animals re- 
ceived 15 grams of sulfasuxidine daily by 
mouth for 6 days prior to operation. Eight of 
these animals survived 30 days or more. There 
was evidence of diffuse peritonitis at autopsy 
in the 3 animals that died (average survival 
period 31 hours). The surviving animals were 
only slightly ill during the early postoperative 
period. No significant changes were found in 
the fecal bacterial colony counts. 

2. Streptomycin. Each of to animals re- 
ceived 3.0 grams of streptomycin daily by 
mouth for 3 days prior to operation. Two of 
these animals survived for 30 days or more. 
Laparotomies were done on these animals 7 
days and 30 days postoperatively and revealed 
evidence of subsiding diffuse peritonitis. Three 
animals in this group died rapidly with ful- 
minating, diffuse peritonitis (average survival 
period, 48 hours). The remaining 5 animals 
survived for periods of from 7 to 11 days but 
died as a result of the infection. Generally, 
these animals that received streptomycin pre- 
operatively appeared less toxic than those of 


the untreated control group, and examination 
of the peritoneal cavity revealed indications 
of attempted localization of the infection. No 
significant alteration in the fecal bacterial 
colony count was found. 

3. Dihydrostreptomycin. Each of 5 animals 
received 3 grams of dihydrostreptomycin daily 
by mouth for 3 days prior to operation. Three 
of these animals survived for 30 days or more, 
but appeared moderately ill during this period. 
In 1 surviving animal, loops of small intestine 
were bound by dense adhesions forming an 
inflammatory mass in the right upper quad- 
rant. There were no significant changes in the 
fecal bacterial colony counts. Diffuse, ful- 
minating peritonitis was found at autopsy in 
the dogs that expired (average survival period, 
21 hours). 

4. Polymyxin-E. Each of 5 animals received 
600 milligrams of polymyxin daily by mouth 
for 3 days prior to operation. Two of these 
animals survived for 30 days or more. The 3 
others died with severe, diffuse peritonitis 
(average survival period, 34 hours). The sur- 
viving animals appeared somewhat toxic dur- 
ing the 30 days’ observation period and showed 
a minimal inflammatory reaction of the peri- 
toneum at the time of taking the bacterial 
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TABLE I.—SUMMARY OF RESULTS OF THE USE OF INTESTINAL ANTISEPTICS FOR PREVENTION 


OF PERITONITIS FROM CONTAMINATION DURING COLON RESECTION 










































































. Change in bacterial flora : : 
Watibectensl N er Daily on a F ve Lived a Be 
therapy Ns 1 dosage Pe ~ asl i po 
a ays | mation | Escherichia coli | Enterococcus Clostridium are: (2 Sees, 
None 16 16 ° 
None (magnesium 12 + Slight increase Slight increase Slight increase ° 12 
sulfate) 
None 5 ea 5 
Sulfasuxidine II 15 gm. 6 + None None None 3 
Streptomycin 10 3 gm. 3 + None None None 2 8 
Dihydro-streptomycin 5 3 gm. 3 + None None None 3 2 
Polymyxin-E 5 600 mgm. 3 + Some decrease Some decrease None 2 3 
Chloromycetin 5 3 gm. 3 + None None Decrease ° 5 
Penicillin 5 3,000,000 2 + None None None 4 I 
units 
Polymyxin and 600 mgm. 3 + Some decrease Some decrease Decrease 5 ° 
penicillin 5 3,000,000 2 
units 
Chloromycetin and 5 3 gm. 3 + Decrease Some decrease Decrease 5 ° 
penicillin 3,000,000 2 
units 
Aureomycin 5 3 gm. 2 + None None Some decrease 3 2 
Terramycin 5 3 gm. 2 + None None None 5 ° 





























cultures. It was found that some decrease 
occurred in the Escherichia coli group and 
enterococcus bacterial colony counts in the 
stools. 

5. Chloromycetin. Each of 5 animals re- 
ceived 3 grams of chloromycetin daily by 
mouth for 3 days prior to operation. All 5 
animals expired before the 30 day period of 
the experiment. Three died in the early post- 
operative period (average survival period, 37 
hours). One animal lived 5 days and another 
lived 15 days. A large abdominal abscess was 
found at autopsy in the dog that survived 15 
days. Fecal bacterial colony counts showed 
a decrease in the clostridium group following 
medication. 

6. Penicillin. Each of 5 animals received 
3,000,000 units of powdered crystalline penicil- 
linin capsules daily by mouth for 2days prior to 
operation. Four of these animals survived 30 
days or more, but were quite toxic during the 
early postoperative period. One dog died on 
the second postoperative day with diffuse peri- 
tonitis. No change occurred in the fecal 
bacterial colony counts. 

7. Polymyxin and penicillin. Each of 5 
animals received 600 milligrams of polymyxin 


daily by mouth for 3 days and 3,000,000 units 
of crystalline penicillin by mouth daily on the 
second and third day of polymyxin therapy. 
All 5 of these animals survived 30 days or more 
and were active and well during this period 
without signs of toxicity. Fecal bacterial col- 
ony counts of clostridium were significantly 
reduced in all animals and those of the Escher- 
ichia coli group and enterococcus in some 
animals. 

8. Chloromycetin and penicillin. Each of 5 
animals received 3 grams of chloromycetin 
daily by mouth for 3 days prior to operation 
and 3,000,000 units of crystalline penicillin 
daily by mouth on the second and third day 
of chloromycetin therapy. All 5 animals sur- 
vived 30 days or more and were active and 
well during this period. The fecal bacterial 
colony counts of the Escherichia coli and 
clostridium groups were reduced in all animals 
and those of the enterococcus group were 
reduced in some animals. 

9g. Aureomycin. Each of 5 animals received 
3 grams of aureomycin daily by mouth for 2 
days prior to operation. Three animals sur- 
vived 30 days or more and were only slightly 
ill during this time. Two dogs died with dif- 
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TABLE II.—BACTERIOLOGICAL DATA SHOWING FECAL COLONY COUNTS AND CULTURES TAKEN 
DURING EXPERIMENTS TO TEST THE EFFICACY OF VARIOUS INTESTINAL ANTISEPTICS WHEN 
USED TO PREVENT PERITONITIS DURING COLON RESECTION 


















































































































































Sulfasuxidine 
Fecal colony countt Peritoneal cultures 
Before 
drug and 
after Escherichia coli Enterococcus Clostridium 6 hours 1 week I month Autopsy 
Before 1.9 X108 5.2 X108 3.cX108 Enterococcus No growth No growth Survived 
—- Clostridium 
After 1.7 X10 5-7 X108 1.5 X108 Staphylococcus 
Before 9.0X108 3.0 X108 1.2 X108 Escherichia coli No growth Survived 
= Clostridium 
After 1.5 X108 1.1 X108 Staphylococcus 
Proteus 
Before 3-1 X108 6.1 X108 3.8 X105 Escherichia coli Escherichia coli Diphtheroids Survived 
Enterococcus Clostridium 
After 8.0X105 1.3 X105 4.0X10° Staphylococcus 
Before 9.0 X 108 7.8X108 No growth Staphylococcus Survived 
After 1.3 X10" 1.7 X108 9.2 X105 
Before 3.0X108 1.0 X108 5.4 X10 Escherichia coli Escherichia coli Staphylococcus Survived 
— | —_______—_ Enterococcus Enterococcus 
After 3.0Xo0 37.0 ° Diphtheroid Clostridium 
Before* Escherichia coli Escherichia coli No growth Survived 
a ——————_—_—— —_——______—_____—_| Basencecaces Enterococcus 
After* Clostridium Clostridium 
Proteus 
Before Escherichia coli Escherichia coli No growth Survived 
He Sere: _ _ —1| Enterococcus Diphtheroid 
After Clostridium 
Proteus 
Before Escherichia coli Expired Expired Escherichia coli 
_—_——| — _ ——| Enterococcus Enterococcus 
After Clostridium Clostridium 
Before Escherichia coli Expired Expired Escherichia coli 
a —| Enterococcus Enterococcus 
After Clostridium Clostridium 
Proteus Proteus 
Before Escherichia coli Escherichia coli Survived 
— — _ - ———— -—| Clostridium Enterococcus 
After Staphylococcus Staphylococcus 
Proteus Clostridium 
Before Escherichia coli Expired Expired Escherichia coli 
———_|—- ——|— — —___—___———} Enterococcus Enterococcus 
After Clostridium Clostridium 
Proteus Proteus 
Streptomycin 
Before 8.9 X 108 1.1 X107 2.5 X108 Clostridium Escherichia coli Escherichia coli Survived 
After 7.0X10° 2.6 X108 1.0 X10 Clostridium Enterococcus 
Before 9.2 X108 2.0X108 1.5 X108 Clostridium Escherichia coli Expired Escherichia coli 
- Enterococcus Enterococcus 
After 6.0X 108 2.0X108 9.0 X105 Clostridium Clostridium 
Before 1.5 X107 8.0X108 1.7 X108 Enterococcus Enterococcus Clostridium Survived 
Clostridium Clostridium Diplococcus 
After 2.9 X108 5.0X108 1.5 X108 Diphtheroid Staphylococcus : 
Before 7.0X108 4.0X108 1.3 X10 Escherichia coli Expired Expired Escherichia coli 
Clostridium Clostridium 
After 6.2 X108 4.0 X 108 4.0X 108 Staphylococcus 
Before 2.8 X 108 7.0X108 1.2 X108 Escherichia coli Expired 
After 3.0X 108 5.0X108 7.0X108 Clostridium 
Before 1.4 X10 9.0 X 108 6.0X105 Expired Expired Escherichia coli 
. a Enterococcus 
After 6.0X108 3.c X108 Clostridium 
Proteus 
Before 1.7 X10? 2.0X107 5.5 X10 Expired Expired 
After 7.4X108 4.0X108 3.0 X 108 
Before* Staphylococcus Expired Expired 
Before No growth Expired 
Before Escherichia coli ; ‘ Escherichia coli 
Enterococcus Expired Expired Enterococcus 
Clostridium 


























*Some animals did not have fecal colony counts 


{Per gram wet feces 
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TABLE IT.—BACTERIOLOGICAL DATA SHOWING FECAL COLONY COUNTS AND CULTURES TAKEN 
DURING EXPERIMENTS TO TEST THE EFFICACY OF VARIOUS INTESTINAL ANTISEPTICS WHEN 


USED TO PREVENT PERITONITIS DURING COLON RESECTION—Continued 















































































































































Dihydrostreptomycin 
Fecal colony countt Peritoneal cultures 
Before 
drug and 
after Escherichia coli Enterococcus Clostridium 6 hours 1 week I month Autopsy 
Before 4.3 X10? 1.5 X10 1.0X107 Escherichia coli Escherichia coli Escherichia coli Survived 
Enterococcus Enterococcus Enterococcus 
After 1.8 X10 1.2 X1o0l0 1.4 X107 Clostridium Clostridium 
Diphtheroid 
Before 2.7 X107 5.5 X10? 1.0X107 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 1.1 X1010 2.5 X1010 9.4 X107 Clostridium Clostridium 
Before 1.2 X10? 1.4 X10° 4.0X105 Escherichia coli Escherichia coli Escherichia coli Survived 
Enterococcus Enterococcus Enterococcus 
After 2.6 X 1010 8.0X109 2.7 X10" Clostridium Clostridium 
Before 6.0 X107 4.9 X108 4.0 X109 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 2.8X108 1.4 X1010 4.1 X10? Clostridium Clostridium 
Diphtheroid Diphtheroid 
Before 3.0X107 3.2 X1010 1.5 X10? Escherichia coli Escherichia coli Diphtheroid Survived 
Enterococcus Clostridium 
After 2.7 X108 1.5 X10? 1.7 X107 Clostridium 
Diphtheroid 
Polymyxin 
Before 1.0X108 2.3 X1010 2.0X107 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 3-5 X108 3.8X108 1.8X108 Clostridium Clostridium 
Proteus 
Before 1.8 X107 1.2 X10!0 1.1 X108 Escherichia coli Escherichia coli Escherichia coli Survived 
Enterococcus Enterococcus Enterococcus 
After 3.0X108 1.0X108 1.0X104 Clostridium Clostridium Diphtheroid 
Bacillus subtilis 
Before 2.3 X107 8.6 X1010 1.5 X107 Escherichia coli Escherichia coli Staphylococcus Survived 
Enterococcus Enterococcus 
After 1.0X108 4.3 X105 1.3 X107 Clostridium Clostridium 
Proteus 
Before 1.5 X107 6.1 X1010 2.2 X107 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 1.0X10? 2.0X108 1.0 X108 Clostridium Clostridium 
Before 6.0X108 6.4 X10!0 6.0 X 1084 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 2.8 X10 5-4 X10? 6.0X108 Clostridium Clostridium 
roteus 
Bacillus subtilis 
Chloromycetin 
Before 8.0X108 9.0 X10 3.0X 108 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 1.0 X10! 2.0 X 10° Clostridium Clostridium 
Before 1.8X107 3.0 X10° 8.9 X10? Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 4.4 X107 8.0X109 1.0X10# Clostridium Clostridium 
Before 2.0X 108 7.2 X10? 1.4X107 Escherichia coli Escherichia coli Expired Escherichia coli 
Enterococcus Enterococcus Enterococcus 
After 3.0X108 1.7 X108 2.0X 108 Clostridium Clostridium Clostridium 
Before 2.0X108 6.0X 10% 2.0X105 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 1.0 X10? 1.0 X10® 2.4 X108 Clostridium Clostridium 
Before 8.5 X108 5.0X108 5.0 X10 Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 
After 3-5 X108 1.0 X1010 6.0X103 Clostridium Clostridium 


























tPer gram wet feces 
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TABLE II.—BACTERIOLOGICAL DATA SHOWING FECAL COLONY COUNTS AND CULTURES TAKEN 

DURING EXPERIMENTS TO TEST THE EFFICACY OF VARIOUS INTESTINAL ANTISEPTICS WHEN 
USED TO PREVENT PERITONITIS DURING COLON RESECTION—Continued 



























































































































































Penicillin 
Fecal colony count t Peritoneal cultures 
Before 
drug and 
after Escherichia coli | Enterococcus Clostridium 6 hours 1 week I month Autopsy 

Before 5.0X105 1.5 X10? 3-3 X10° Escherichia coli Escherichia coli No growth Survived 
Enterococcus Enterococcus 

After 2.0X10° 1.6 X108 6.4 X108 Clostridium Clostridium 

Before 3.0X10° 1.3 X107 6.2 X107 Escherichia coli Escherichia coli Escherichia coli Survived 
Enterococcus Enterococcus 

After 1.0X10!0 4.0X108 1.6 X107 Clostridium Clostridium 
Diphtheroid Diphtheroid 

Before 1.7 X105 2.0X108 4.0X105 Escherichia coli Escherichia coli Staphylococcus Survived 
Enterococcus Enterococcus 

After 8.0X108 2.0X1o0! 1.5 X10# Clostridium Clostridium 

Before 6.0X108 2.0 X 108 4.0X108 Escherichia coli Escherichia coli Enterococcus Survived 

After 1.3 X108 6.4 X108 6.0 X10? Enterococcus Enterococcus 

Before 4.0X108 1.6 X10? 2.2 X10? Escherichia coli Expired Expired Escherichia coli 
Enterococcus Enterococcus 

After 1.0 X108 1.0 X108 2.0 X 108 Clostridium Clostridium 

Polymyxin and penicillin 

Before 1.0X109 1.1 X10 2.0 X 108 Escherichia coli Enterococcus Enterococcus Survived 

After 2.0 X103 4.0 X10? 6.0 X 108 Enterococcus Clostridium 

Before 2.0X 10% 1.3 X10 8.0 X 10° Escherichia coli Escherichia coli No growth Survived 
Enterococcus Enterococcus 

After 7.6 X108 2.8X108 4.0 X10? Clostridium 

Before 2.0X108 8.0X108 1.0X10% Escherichia coli Escherichia coli} Enterococcus Survived 

After ° 1.6 X107 1.4 X10 Enterococcus Enterococcus 

Before 1.5 X108 3.0X 108 2.0X108 Escherichia coli Escherichia coli Escherichia coli Survived 
Enterococcus Enterococcus Enterococcus 

After 5.1 X10 3.0 X 108 3-4 X108 Clostridium Clostridium 

Before 1.0X108 1.0X10!0 1.2 X108 Escherichia coli Escherichia coli Clostridium Survived 
Enterococcus Enterococcus 

After 8.0X1010 3.6 X10! 4.0X 103 Clostridium Clostridium 

Chloromycetin and penicillin 

Before 1.4 X108 1.2X1ol 1.0X107 Escherichia coli Escherichia coli Enterococcus Survived 

After 6.0X 10? 4.0 X107 1.0X104 Enterococcus Enterococcus 

Before 6.0X 108 3.0X 1010 1.0X108 Escherichia coli Escherichia coli Enterococcus Survived _ 

After 4.0 X10? 5.0X 10° 2.0X108 Enterococcus Enterococcus 

Before 1.0X108 2.0 X10 6.0X108 Escherichia coli Enterococcus Enterococcus Survived 

After 1.0X10? 2.0X107 1.0X10? Enterococcus 

Before 2.4 X10 1.0X109 8.0 X108 Enterococcus Enterococcus Diphtheroid Survived ite 

After 1.0X10? 1.0X108 1.0 X10? 

Before 4.0 X108 2.0X 10° 8.0X108 Escherichia coli Escherichia coli Diphtheroid Survived 
Enterococcus Enterococcus 

After 1.2 X10! 3.0X10° 3.0X108 Clostridium 











tPer gram wet feces 


fuse, fulminating peritonitis (average survival 
Fecal bacterial colony 
counts revealed diminution of clostridia in 


period, 48 hours). 


some animals. 


10. Terramycin. Each of 5 animals received 
3 grams of terramycin daily by mouth for 2 
days prior to operation. All 5 animals survived 


for 30 days or more. Three were active and 
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TABLE II.—BACTERIOLOGICAL DATA SHOWING FECAL COLONY COUNTS AND CULTURES TAKEN 
DURING EXPERIMENTS TO TEST THE EFFICACY OF VARIOUS INTESTINAL ANTISEPTICS WHEN 
USED TO PREVENT PERITONITIS DURING COLON RESECTION—Continued 









































































































































Aureomycin 
Fecal colony countt Peritoneal cultures 
Before 
drug and 
after Escherichia coli | Enterococcus Clostridium 6 hours 1 week I month Autopsy 
Before 2.1 X108 4.0 X 1010 1.0X107 Escherichia coli Escherichia coli Survived 
—— - ———| Enterococcus Enterococcus 
After 1.6 X107 2.0X 1011 4.6 Xt1ot Clostridium Proteus Proteus 
Before 2.3 X10? 4-7 X 1010 1.0X107 Escherichia coli Escherichia coli No growth Survived 
-- -| ——__—_| Enterococcus Enterococcus 
After 2.4 X108 1.6 X1o!l 3.8X108 Clostridium Proteus 
Diphtheroid 
Before 1.2 X108 6.4 X10 1.4 X108 Escherichia coli Escherichia coli Survived 
—|-— - —_|_—--_—_—_—_———_| Enterococcus Enterococcus Diphtheroid 
After 3.2 X109 6.8X1oll 3.8 X 108 Clostridium Clostridium 
Proteus 
Before 1.1 X108 2.2 X109 5.0X109 Escherichia coli Expired Expired Escherichia coh 
— ——-—--— Enterococcus Enterococcus 
After 1.5 X1010 4.6X1oll 6.4 X10? Clostridium Clostridium 
Diphtheroid Diphtheroid 
Before 2.3 X108 2.2 X 10910 1.4 X108 Escherichia coli Expired Expired Escherichia coli 
|. Enterococcus Enterococcus 
After 4.0 X 108 1.2 X1oll 3-2 X10! Clostridium Clostridium 
Staphylococcus Diphtheroid 
Diphtheroid 
Terramycin 
Before 4.0X 108 8.0 X10° 5.8 X108 Escherichia coli Escherichia coli Diphtheroid Survived 
a ————_—_——_|-----— ——|—— ———| Enterococcus Enterococcus 
After 2.0 X 108 1.0X1010 1.2 X10 Clostridium Proteus 
Staphylococcus 
Before 1.2 X108 3.2 X 1010 1.0X 10° Escherichia coli Enterococcus No growth Survived 
Enterococcus 
After 1.0X108 8.0 X 10° 6.0 X 108 Clostridium 
Diphtheroid 
Before 2.0X 108 4.2 X10 1.6 X10 Escherichia coli Escherichia coli No growth Survived 
Enterococcus Enterococcus 
After 2.4X108 6.4 X1010 2.2 X108 Clostridium Proteus 
Staphylococcus 
Before 1.2 X108 1.2X1o0l0 1.1 X109 Escherichia coli Escherichia coli Staphylococcus Survived 
Enterococcus Enterococcus 
After 7.0X108 2.8X1ol0 4.4 X108 Clostridium Staphylococcus 
Yeast Proteus 
Before 2.1 X108 3.0 X1010 1.8 X108 Escherichia coli Escherichia coli No growth Survived 
= Enterococcus Enterococcus 
After 1.8X107 5.2 X10? 1.4 X10? Clostridium Proteus 
Yeast 
tPer gram wet feces 
well during this period, but 2 were moderately b. Comparison of the relative efficacy of 


toxic. There was no significant change in the  sulfasuxidine, streptomycin, dihydrostrepto- 
fecal bacterial colony count in any bacterial mycin, polymyxin-E, chloromycetin, penicil- 
group. lin, polymyxin-penicillin, chloromycetin-peni- 
Table I shows a comparison of survival data __ cillin, aureomycin, and terramycin was made, 
and Table II gives detailed data concerning together with appropriate bacteriological 
the bacterial fecal colony counts and the cul- studies (see Table I). 
tures. c. In this group of experiments the survival 
aumaeel of animals treated with these intestinal anti- 
a. An improved experimental method for septics was not exactly related to bacterio- 
evaluation of intestinal antiseptics used for logical data (see Tables I and II). 
protection from fecal contamination during d. The most important factor in avoiding 
colon resection is described. infection of the peritoneal cavity during the 
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performance of colon resection is the employ- 
ment of skill to prevent contamination during 
the surgical procedure. 
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ENDOMETRIOSIS IN A RHESUS MONKEY 


H. KLUVER, Ph.D., and G. W. BARTELMEZ, Ph.D., Chicago, Illinois 


| ) aeminating and work often may have far reaching clinical value. 


Only by dis- 


seminating and critically evaluating the results of all such studies can accurate and 


final conclusions be drawn concerning a disease. 


Much is yet to be learned about 


endometriosis which is an important entity because it develops in young girls and is often 
accompanied by sterility. This article deals with the occurrence of endometriosis in a 
monkey. Since this lesion has occurred spontaneously in only one monkey, according to 
previous reports in the literature, it may well be that the material presented here will 


have clinical as well as scientific significance. 


HE following report summarizes va- 

rious observations made on an adult 

female rhesus monkey (Macaca mulat- 

ta) which developed dysmenorrhea 
and in which postmortem microscopic study 
disclosed an extensive spontaneous endo- 
metriosis. It is believed that the data pre- 
sented here may prove of particular. interest 
in further attempts to throw light on the 
genesis of at least one type of endometriosis. 
The monkey concerned was kept by one of us 
(H. K.) for approximately 9 years and 4 
months. She is referred to as ‘Case 16” ina 
previously published paper (16) dealing with 
an experimental analysis of behavior changes 
following bilateral removal of the temporal 
lobes. It is to be emphasized that the ab- 
domen of this animal was never opened until 
autopsy was performed. 


HISTORY 


The monkey was sexually mature when re- 
ceived on February 11, 1937. In the course 
of 31 months, 4 lobectomies were performed 
by Dr. P. C. Bucy, viz., left prefrontal 
lobectomy on February 11, 1937, right pre- 
frontal lobectomy on May 12, 1938, left 
temporal lobectomy on January 30, 1939, and 
right temporal lobectomy on September 15, 
1939. Recovery was uneventful after each of 
these operations. Her behavior was studied 
for 634 years thereafter (see previous reports 
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as to diet and general conditions in the 
laboratory [15, 23]). Although normal emo- 
tional reactions characteristically disappeared 
after the second temporal lobectomy (16), 
she became strongly hypersexed, inviting 
coitus whenever approached. Usually her sex 
skin was very bright; it included red speckles 
on the face. A premenstrual blanching was 
frequently, but not always, observed. The 
second temporal lobectomy was performed 4 
days before a menstrual period appeared. 
During the following years the flow seemed 
to be more profuse than it had been although 
the cycle lengths remained normal. Thus, 6 
successive cycles in the winter and spring of 
1940-1941 lasted 26, 25, 26, 28, 28, and 28 
days, respectively. We have never observed 
greater regularity than this in any macaque. 
From October, 1943 on the animal was ob- 
viously very ill during menstruation. Usually 
she was found in the morning on the floor of 
the cage and refused to get up even when the 
cage was being cleaned. From 1943 until her 
death in 1946, the general weakness and lassi- 
tude associated with bleeding seemed to in- 
crease with successive periods. Although she 
drank large quantities of water, she consumed 
little or no food during the days of the flow 
and spent most of the time lying on the floor 
of the cage with eyes closed. Her face was 
often profoundly blanched. At times, she was 
found on the floor surrounded by food and 
with an unshelled peanut sticking out of her 
mouth. In February and March, 1944, rather 
profuse vaginal bleeding at intervals of 2 
weeks was observed. During the period of 
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bleeding in April, 1944, the animal generally 
behaved as if suffering from painful cramps. 
Furthermore, while she stood still repeated 
abdominal contractions and expansions were 
noticed. Similar observations were frequently 
made during subsequent periods of menstrua- 
tion. In the course of the following years 
palpation indicated that the abdomen be- 
came increasingly harder and that pressure 
was very painful. Between the periods of 
menstruation, the monkey always appeared in 
good health and her appetite was as voracious 
as ever. The symptoms associated with bleed- 
ing gradually became so severe that she ap- 
peared to be dying during her menstrual period 
in November, 1945. She recovered, but be- 
came even more severely ill during the men- 
struation which, after a 28 day cycle, started 
on June 20, 1946. During this period she lay 
most of the time on the floor of the cage with 
food practically untouched. The red speckles 
now appeared brownish on her deeply blanched 
face. Although she no longer swallowed pieces 
of food introduced into her mouth, she still 
drank copious amounts of water and milk on 
the morning of June 26. A few hours later 
she vomited yellow, semiliquid matter and 
died in the afternoon. Since one of us hap- 
pened to be present at the time of death, the 
autopsy was performed immediately. 


ANATOMIC OBSERVATIONS 


The animal weighed 8.4 kilograms and 
what was left of the brain weighed 54 grams. 
The autopsy revealed numerous old and new 
hemorrhages in the abdominal cavity. There 
were extensive fibrous and fibrinous adhesions 
throughout the abdomen, especially in the 
pelvis. The gall bladder was distended and 
the whole intestinal tract was distorted by 
adhesions. The urinary tract appeared normal 
except for a thickened peritoneum of the 
fundus of the bladder (Fig. 1). The uterus 
showed signs of menstruation. There was an 
eversion and edema of the fimbriae of the 
fallopian tubes. Most of the abdominal or- 
gans were enveloped in large amounts of fat. 
The panniculus adiposus of the abdominal 
wall was about 2.5 centimeters thick. Dr. 
David Clark, who kindly assisted during the 
autopsy, diagnosed the peritoneal adhesions 


Fimbriae 





Fig. 1. The adnexa are consolidated into a compact 
mass by the encrusting endometrium of varying thickness. 
Blood and debris are present in the bursa ovarica. Above 
at the left, the dorsal surface of the bladder is invested 
with endometrial tissue. The vein in the parametrium has 
a large fibrin clot about half of which consists of leucocytes. 
Inf., infundibulum. Amp. Tubae, ampulla tubae. Rd. Lig., 
round ligament. A 20 inicron section from sagittal series. 
Hematoxylin-phloxine stain, X 3.3. 


and the peritoneal irritation as secondary to 
an endometriosis. 

The brain, the uterus with adnexa, and 
pieces of other organs were removed and pre- 
pared for histological examination by fixation 
in 10 per cent formaldehyde and embedding in 


Ectopic 
| —Endometrium 
Uterus 





isthmus 


Fig. 2. Ovary and tube bound to the fundus uteri by 
ectopic endometrium and fibrous tissue. Only the edge 
of the corpus luteum is included. The corpus luteum is of 
standard type and from penultimate cycle. Ovarian 
artery is prominent. Jstimus, isthmus tubae. A 20 micron 
section from transverse series. Hematoxylin-phloxine 
stain, X4.25. 
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Ectopic Endometrium 
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Fig. 3. Transverse section through the hilum of the ovary. Most of the field illus- 
trated is occupied by the large rete ovarii with vesicles and tubules which are lined 
by ciliated epithelium, secretory epithelium or both. Arrow indicates a clump of cells 
which resemble adrenal cortex. The ectopic endometrium at the right consists only of 
a film of stroma. Hematoxylin-phloxine stain, X 24. 


celloidin. The hypophysis was fixed in 
Regaud’s solution. At the same time, pieces 
of a number of organs and tissues were 
removed for chemical examination. 

A detailed pathologic examination by Dr. 
E. M. Humphreys indicated the cause of 
death as an aspirative type of bronchopneu- 
monia. There were degenerative changes in 
the adrenals and the heart, a recent necrosis 
of liver cords chiefly around dilated central 
veins, and some hypertrophy of renal tubules. 


REPRODUCTIVE SYSTEM 


There was a marked retrodisplacement of 
the uterus with obliteration of much of the 
pouch of Douglas. The entire uterus with 
adnexa, round ligament, bladder, vaginal 
vault, and some dorsal body wall, which were 
removed en bloc, were cut in the midsagittal 
plane and embedded in celloidin. One half 
was cut longitudinally and the other trans- 
versely into 20 micron sections; every roth 
section was stained with hematoxylin and 
phloxine. 


The ovary and tube were fused to the broad 
ligament and fundus of the uterus by a con- 
tinuous sheath of endometrial tissue as may 
be seen in Figures 1 and 2. The subjacent 
connective tissue frequently appeared as a 
thick, dense zone. There was no trace of 
either peritoneal or of germinal epithelium. 
The size and structure of the ovaries fell 
within the range for the adult macaque during 
the inactive period of summer. As determined 
from the sections, the right ovary measured 
9 by 4.1 by 5.2 millimeters, the left, 7.3 by 
6.5 by 4.4 millimeters. The small number of 
primordial follicles was not surprising con- 
sidering the age of the animal (estimated to be 
at least 15 years). There were few graafian 
follicles; the largest did not exceed a milli- 
meter in diameter, and several were atretic. 
However, there were clear evidences that 
there had been ovarian activity during the 
preceding breeding season. The most recent 
of the corpora lutea (Fig. 2) measured 4.4 by 
3.8 by 3.2 millimeters. It had a large central 
core of dense connective tissue and could be 
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definitely assigned to the penultimate (April- 
May) cycle since the numerous degenerating 
cells characteristic of the corpus luteum of 
menstruation were not in evidence. The next 
older corpus luteum was in the left ovary. It 
was also of the standard type (6)and measured 
about 3 by 2 millimeters. It consisted of an 
irregular solid mass of lutein cells. Both 
ovaries had in addition several strands of 
cells, the remains of still older corpora lutea, 
loaded with ‘luteolipin’ (21). 

A most unusual feature of the ovaries was a 
body which was clearly a hypertrophic rete. 
It extended out from the hilum into the 
mesovarium and measured 3.8 by 2.8 by 2 
millimeters on the right side. As can be seen 
in Figure 3, it consisted of lobules of glandular 
tissue separated by abundant loose collagenic 
tissue. Most of these lobules consisted of 
tubules with a wider or narrower lumen con- 
taining secretion varying from a fine granular 
coagulum to a dense homogeneous mass. 
There were also irregular alveolar structures 
and spheroidal cysts which contained various 
kinds of wandering cells in addition to the 
secretion. (Dr. G. W. Corner informs us that 
he has seen rete cysts of similar dimensions 
in an essentially normal macaque ovary and 
that the finding is unusual.) There were no 
mitoses and only a few degenerating cells 
either in the rete or the surrounding tissue. 
The tubules and vesicles were lined with a 
single layer of cells. In some tubules, ciliated 
cells predominated. In others, the majority 
had blebs which projected into the lumen. 
The blebs are evidences of intracellular 
secretion (1). The clump of cells indicated 
by the arrow in Figure 3 differed from the 
tubules in that its cells were arranged in ir- 
regular columns separated by long flattened 
cells—presumably the endothelium of col- 
lapsed capillaries. Structurally, this mass re- 
sembled the adrenal cortex between the zona 
glomerulosa and the zona fasciculata. A 
similar body within the epoophoron was even 
more like the adrenal cortex. 

The fact that frozen sections of the ovary 
revealed some macrophages which were loaded 
with blood pigment is of particular interest 
in view of the spectroscopic evidence of por- 
phyrin. 


Endometrium 





Ureter 


Fig. 4. Fundus uteri, parametrium, ureter, and thick- 
ened peritoneal wall. Beneath the ectopic endometrium 
is a thick layer of dense collagenic tissue. The pelvic wall 
is covered with a film of endometrium. A 20 micron section 
from transverse series. Hematoxylin-phloxine stain, X 3.7. 


The infundibulum tubae was not covered 
with ectopic endometrium. Some fimbriae 
were edematous, others appeared normal. 
The epithelial cells were typical of the men- 
strual phase, that is, few ciliated elements 
were present. The ostium and ampulla con- 
tained some red blood corpuscles and many 
cells in various stages of degeneration. The 
isthmus and pars uterina tubae had normal 
mucosae and no formed elements in the 
lumen. Cervix and vagina were likewise 
normal. 

The approximate outer half of the myo- 
metrium appeared more or less normal. In 
the inner moiety, the intermuscular strands 
and adventitial sheaths of the vessels con- 
sisted largely of small cells resembling those 
of the endometrial stroma. The submucous 
strands were in direct continuity with the 
stroma. The crowding of the nuclei made the 
interstitial tissue appear dark after hema- 
toxylin staining (Fig. 5). There was no infil- 
tration or adenomyosis and there were no 
indications of clotting in any vessels within 
-the uterine wall. (Death had occurred on the 
7th day of a flow following an anovulatory 
May-June cycle.) The endometrium was thin 
(x mm. or less), the glands were fully in- 
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Fig. 5. Fundus uteri showing the denuded menstruating 
endometrium. The glands are straight 4nd more nearly 
perpendicular to the surface than in the ectopic endo- 
metrium (cf. Figs. 6 and 7). The interstitial tissue of the 
myometrium appears dark because of the crowded nuclei 
which resemble the nuclei of stroma cells. A 20 micron 
section from transverse series. Hematoxylin-phloxine 
stain, X 20. 


voluted, and the stroma was dense (Figs. 4 
and 5). Two endometrial zones could usually 
be recognized, a more superficial one where 
the gland cells were larger and a deeper one 
where they were smaller. Many cells at all 
levels had blebs indicating the presence of 
intracellular secretion. There was some co- 
agulum in the gland lumina at both levels. 
Several stages of the process of menstruation 
were present. In an area of corpus near the 
midline the hemorrhagic slough was still in 
situ. In most regions, the surface was de- 
nuded and occasionally the ends of glands 
and arterioles projected beyond the stroma. 
In two spots, thin sheets of epithelial cells 
appeared to have spread out over the surface 
from the mouths of glands and were the only 
indications that the period was approaching 
its end. The coiled arteries of the endo- 
metrium were small and unusually simple in 
form. 

The parametrium was greatly thickened so 
that the pouch of Douglas was partly ob- 
literated. Both fibrous tissue and fat had 
developed here. There was no endometrial 
tissue in this region or in the rectovaginal 
septum. Indeed, no retroperitoneal ectopic 


endometrium could be seen. A normal cer- 
vical ganglion was present, but no chromaf- 
fine cells were found. Many of the larger 
parametrial veins contained emboli (Fig. 1) 
consisting partly of fibrin and partly of wan- 
dering cells, including many hemophages and 
some giant cells. Emboli were absent from 
the pelvic viscera and were seen elsewhere 
only in the venous sinuses of the adrenal 
medulla. 

The ectopic endometrium gave the impres- 
sion of having spread over the peritoneal 
surfaces like moss growing over a log. It was 
everywhere sharply delimited from the under- 
lying tissue. On the surface of the uterus 
there was no suggestion of continuity with 
the sheaths of uterine vessels which at this 
level occasionally resembled uterine stroma. 
The ectopic endometrium might be as thick 
as that in situ (Figs. 1, 2, 4, 6, 7) and had all 
of its essential features, including typical 
coiled arteries which were frequently larger 
and more complex than in the normal endo- 
metrium (Fig. 6). This feature and the ex- 
tensive extravasation and disintegration clear- 
ly differentiated it from tissue of tubal origin. 
Compared to the endometrium in situ, the 
glands were farther apart and more irregular 
in form (Figs. 6 and 7), although not as wildly 
distorted as in typical adenomas. All transi- 
tions occurred from the condition shown in 
Figure 6 to encrustations only 50 microns 
thick and consisting of films of stroma cov- 
ered with typical uterine epithelium. Else- 
where there remained nothing but a strip of 
stroma tissue (Fig. 3) probably indicative of 
extreme tissue loss during the present period. 
The process of menstruation had apparently 
ceased in most of the ectopic endometrium. 
Areas with extravasated blood were rare al- 
though there were a few in which nine-tenths 
of the mucosa was blood-soaked. In addition 
to the ectopic tissue illustrated, small nod- 
ules on the surface of the intestines might 
well represent implanted menstrual debris. 
There were no signs of ‘chocolate cysts” 
nor was any endometrial tissue found retroperi- 
toneally. 

It seemed clear that the blood and adhesions 
in the abdominal cavity had been brought 
about by the extravasations of the last and 
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Artery 





Fig. 6. Ectopic endometrium covering the surface of the ovary (left) and the sus- 
pensory ligament (right) where the stroma is denser. Arrow indicates small superficial 
extravasation. Surface epithelium intact at *. Artery, coiled endometrial arteriole. 
A 20 micron section from sagittal series. Hematoxylin-phloxine stain, X 26. 


previous menstruations. The extreme pros- 
tration of the animal during her periods can 
readily be understood when one considers the 
large amount of autolyzing tissue in the body 
cavity. It may indeed have been the cause 
of the fatal toxemia in view of the evidence 
(22) for a toxin (related to necrosin) in the 
circulating blood of normal menstruating 
women. 


SPECTROCHEMICAL FINDINGS 


In view of the successive hemorrhages into 
the body cavity of this monkey, the distribu- 
tion of naturally occurring porphyrins in 
various organs, tissues, and body fluids is of 
particular interest. The methods employed 
for extracting, separating, and identifying the 
porphyrins have previously been described 
(13, 14). 

Spectroscopic examination of the “primary 
fluorescence” of the organs at autopsy, i.e., 
the fluorescence which appears without treat- 
ment by chemical agents, revealed fluores- 
cence spectra not different from those generally 
found in the organs of normal monkeys except 
in the pancreas, ovary, and hypophysis. Al- 
most the whole pancreas exhibited a red or an 


orange fluorescence. Examination with a hand 
spectroscope showed two well defined emission 
bands in approximately the following posi- 
tions: I. 640 to 625 millimicrons; II. 595 to 580 
millimicrons. The same fluorescence spectrum 
was found in the ovary and the hypophysis. Al- 
though the ovary exhibited a violet fluores- 
cence, the two emission bands were fully as 
intense and sharp as in the pancreas. (A small 
cross section of only one ovary was spec- 
troscopically examined.) In the hypophysis 
which likewise exhibited a violet fluorescence, 
band I was very weak. Since the ovaries and 
hypophysis were used for histological study 
the pancreas was the only tissue available for 
extraction. The only porphyrin that could be 
extracted from the pancreas was protoporphy- 
rin. The spectrochemical evidence was chiefly 
derived from data on solubilities, HCl num- 
ber, and the measurements of fluorescence 
spectra in different solvents. Since the hy- 
pophysis and ovaries exhibited the same 
fluorescence spectrum as the pancreas it seems 
fairly certain that they also contained proto- 
porphyrin. It should be stressed that the 
porphyrin fluorescence spectrum exhibited by 
the pancreas, ovaries, and hypophysis was not 
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Fig. 7. Ectopic endometrium from dorsal wall of blad- 
der. Underlying it is a dense band of collagenic tissue 
interlarded by strands of smooth muscle. Arrow indicates 
a section of a coiled arteriole which reaches the surface in 
neighboring sections. Its lumen is virtual, but there is no 
evidence of necrobiosis in its wall. A 20 micron section 
from sagittal series. Hematoxylin-phloxine stain, X20. 


found when the blood which was taken from 
the abdominal cavity was spectroscopically 
examined. 

Extractions of the feces, aside from chloro- 
phyll derivatives, furnished chiefly copro- 
porphyrin and traces of deuteroporphyrin. 
The bile contained coproporphyrin and minute 
amounts of another unidentified porphyrin. 
The vomitus also contained coproporphyrin. 
The only porphyrin which was isolated from 
the urine was the normally occurring copropor- 
phyrin. 

The immediate cause of death appears to 
have been the pneumonia that resulted from 
the aspiration of vomitus. The vomiting may 
have resulted in part from mechanical ob- 
struction and in part from the severe toxemia 
which had become worse with each successive 
menstrual period. 


NEUROLOGIC FINDINGS 


It is possible that the lobectomies, especially 
the removal of the temporal lobes, started the 
train of events which led to the extensive 
endometriosis. Descriptions of the surgical 
procedures and their sequelae are accordingly 
in order since they may provide clues for the 
experimental production of this particular 
type of endometriosis and elucidate the fac- 
tors involved in its genesis. 


Removal of the left prefrontal lobe on Februar 
11, 1937. The animal, weighing 4.2 kilograms. 
was anesthetized by an intraperitoneal injec- 
tion of pentobarbital sodium. A large osteo- 
plastic flap was reflected exposing almost the 
entire left cerebral hemisphere. The dura was 
opened only over the frontal region. An inci 
sion was made with the Bovie cautery along the 
anterior margin of the arcuate sulcus extend 
ing upward from the superior limb of this 
sulcus to the midline and downward from the 
inferior limb to the orbital plate. All tissue 
anterior to this incision was extirpated, so that 
the falx and the olfactory bulb and tract were 
exposed. 

Removal of the right prefrontal lobe on May 
12, 1938. The surgical procedures were the 
same as employed in removing the left pre- 
frontal lobe. 

Removal of the left temporal lobe on January 
30, 1939. The animal, weighing 5.2 kilograms, 
was anesthetized as before. The bone flap 
previously made for extirpating the left pre- 
frontal area was reflected. The dura was in- 
cised horizontally just below the sylvian fis- 
sure and reflected off the surface of the tem- 
poral lobe. The temporal lobe, including its 
medial surface, was removed exposing the 
lateral margin of the sella turcica and the 
incisura tentorii. On the base of the skull the 
extirpation extended to a point about 3 milli- 
meters posterior to the petrous ridge. The 
tissue removed at this operation weighed 4.8 
grams. 

Removal of the right temporal lobe on Septem- 
ber 15, 1939. The surgical procedures were 
the same as in the left temporal lobectomy. 
The extirpation, however, was less extensive 
since the tissue removed weighed only 2.3 
grams. The animal weighed 5.9 kilograms at 
this time. 

During the years of her life in the laboratory 
the monkey, except for periods of behavior 
studies, was kept alone in a fairly large cage 
in a room used as quarters for other monkeys. 
The behavior changes following the first two 
brain operations were of the same type gener- 
ally found in rhesus monkeys with bilateral 
ablation of the prefrontal lobes. In fact, the 
restlessness and motor hyperactivity were 
particularly pronounced. This hypermotility 
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completely disappeared after the third brain 
operation (left temporal lobectomy). Finally, 
after the fourth operation (right temporal 
lobectomy) this monkey exhibited symptoms 
essentially similar to those previously reported 
for male rhesus monkeys (16) in which only 
the temporal, but not the prefrontal, lobes 
were removed: (1) an inability to recognize 
and detect the meaning of objects on the basis 
of visual criteria alone (“psychic blindness” 
or visual agnosia); (2) a tendency to examine 
all objects by mouth (strong oral tendencies); 
(3) an excessive tendency to attend and react 
to every visual stimulus; (4)a profound change 
in emotional behavior involving a complete 
loss of emotional reactions; (5) hypersexed be- 
havior; and (6) a tendency to consume various 
kinds of meat whenever offered. The symp- 
toms observed underwent certain changes 
with the passage of years after the fourth 
brain operation although these changes in 
symptomatology were far less pronounced 
than was usually the case in male monkeys in 
which the temporal lobes were bilaterally re- 
moved. Thus, 2 years after the fourth brain 
operation she still accepted and ate meat. She 
never regained normal emotional reactions 
during the 6 years and 9 months that elapsed 
between the last brain operation and her 
death. Stimuli which previous to the opera- 
tions provoked anger or fear always remained 
ineffective. The facial and other bodily ex- 
pressions of emotions never returned. Her 
face always remained mask-like. Except for 
an occasional grunt indicative of pain she was 
never heard to utter a sound again. In gen- 
eral, she was more quiet and far less active 
than was characteristic of male monkeys in 
which only the temporal lobes were extirpated. 
After the fourth brain operation she developed 
a voracious appetite and consumed far more 
food than she had previously so that she finally 
became very obese. In September 1942, her ex- 
treme thirst was noticed for the first time. In 
the course of the next years she was found to 
drink more water than any of the 30 other 
rhesus monkeys which made up the col- 
ony. 

On December g, 1939, the animal developed 
symptoms of bacillary dysentery due to 
Shigella paradysenteriae. With treatment and 


nursing, she gradually recovered and was ap- 
parently in excellent health again in 4 weeks. 

Microscopic examination of serial sections 
through the brain stained for myelinated fibers 
and for cellular elements showed that the pre- 
frontal and temporal lobes, including most of 
the amygdala, uncus, and hippocampus, had 
been bilaterally removed. The ablation, how- 
ever, was far more extensive on the left than 
on the right side involving removal of the 
left lateral geniculate body and extensive 
destruction of the pulvinar. The anatomic 
changes secondary to the lobectomies cannot 
be described here in detail; they were not 
characteristically different from those report- 
ed in the literature as resulting from pre- 
frontal and temporal ablations. As regards 
the complex picture of anatomic alterations 
following bilateral temporal lobectomy, at- 
tention should be called to a previously pub- 
lished description of the numerous fiber tracts 
and nuclear structures undergoing degenera- 
tion as a result of this operation (3). For pur- 
poses of this study, it must suffice to em- 
phasize the damage to the hypothalamic area 
and the degeneration of fiber tracts terminat- 
ing in this region. It should also be mentioned 
that the cells of the locus caeruleus, which 
some regard as an autonomic nucleus, showed 
severe regressive changes. 


DISCUSSION 


It seems tempting to consider the symptoms 
developing after the fourth brain operation as 
events initiated by the bilateral temporal 
lobectomy. Chaikoff and co-workers showed 
that a mere craniotomy combined with a re- 
traction of one temporal lobe in dogs so that 
the hypophysis and the base of the brain are 
brought into view for 1 minute or less leads to 
a marked increase in insulin sensitivity lasting 
for several months. Subsequent histological 
studies revealed normal hypophyses. If oper- 
ations involving no removal of cerebral tissue, 
but merely manipulation and retraction of one 
temporal lobe, are sufficient to produce such 
an effect, it is easy to understand that sur- 
gical removal of both temporal lobes, includ- 
ing most of the hippocampus and uncus, may 
produce even more widespread effects. In the 
monkey reported on here, there is no doubt 
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that the surgical procedures affected the hypo- 
thalamic area. Although a study of serial 
sections did not disclose any obvious histo- 
pathological changes in either the anterior or 
posterior hypophysis, it seems safe to assume 
that the brain operations influenced hypo- 
thalamicohypophyseal interrelations and re- 
sulted in disturbances of hypophyseal func- 
tion. It is of interest in this connection that 
Ranson and collaborators -(2, 7-11, 17) demon- 
strated that injury of the hypothalamic region 
in female guinea pigs may lead to disturbances 
in reproductive functions and sexual activity 
as well as changes in the uterus and ovaries. 
These investigators, in interpreting their find- 
ings, called attention not only to the destruc- 
tion of neural mechanisms by hypothalamic 
lesions, but also to the production of “ovarian 
or anterior pituitary hormonal imbalances” 
associated with hypothalamic damage. The 
hypertrophy of the rete ovarii in the monkey 
discussed here may have been due to an en- 
docrine imbalance. In the bovine freemartin 
(a female sterilized by a male twin), the rete is 
highly developed and may even establish con- 
nections with the mesonephros—epididymis— 
(24). When the pouch young of the opossum 
are treated with androgens, the rete ovarii has 
been found to hypertrophy (4). The ovarian 
cycles of the rhesus monkey under discussion, 
however, appear not to have been disturbed. 
This was also true in the case of a Java mon- 
key (see Case 11 previously reported [16]) 
which, 3 years after the connections between 
temporal and frontal lobes were severed bi- 
laterally without removing any cerebral tis- 
sue, delivered a normal baby and within the 
next 2 years had 2 more pregnancies at term. 
In all 3 instances, this monkey exhibited a 
complete lack of maternal behavior. Mean- 
while, she has also become obese. Menstrual 
flow was seen as late as 1950 although nothing 
has yet been observed that would indicate an 
endometriosis. The animal is still alive, but 
microscopic study of the sections obtained in a 
similar case suggests the possibility that the 
operations upon the brain affected conditions 
in, and projections to, the hypothalamic 
area. 

On the basis of the facts and considerations 
presented here, it appears likely that many 


of the symptoms observed in the female rhesus 
monkey after the temporal lobectomy can be 
best understood in terms of hypothalamic in- 
juries associated with hypophyseal and other 
endocrine dysfunctions. It may be assumed 
that certain behavior alterations, including 
the changes in sex behavior, polydipsia, 
adiposity, as well as the endometriosis, were 
developments initiated by the destruction of 
certain neural structures and by changes in 
endocrine interrelations. Finally, there are 
recent findings indicating that the hypo- 
thalamic region itself may play a rdéle in the 
production of various hormones. Melville 
and Hare extracted an antidiuretic material 
from the supraoptic nucleus. Hume and 
Wittenstein (19) found that the increased re- 
lease of adrenocorticotrophic hormone from 
the hypophysis following stress is dependent 
on an intact hypothalamus. Their experi- 
ments suggest that this hypothalamic control 
of the hypophysis is effected by the release of a 
humoral substance from the hypothalamic 
region. 

Etiological considerations. There is good 
evidence that endometrioses may differ in 
origin. There are well established human cases 
of regurgitation and implantation of men- 
strual debris in accord with the Sampson 
hypothesis, and there is experimental proof of 
the viability of displaced endometrium. It 
seems clear that such tissue may metastasize 
and give rise to foci along the established 
vascular routes of metastatic dispersal. On 
the other hand, the only adequate explanation 
for menstruating tissue resembling endome- 
trium in the forearm (20) is that it is derived 
from peritoneum included in the arm bud dur- 
ing the fifth week of pregnancy (12). If sucha 
bit of epithelium can undergo metaplasia of 
this type then it can be assumed that any 
other area of peritoneum can do likewise under 
adequate stimulation. In addition to such 
origins, there is good evidence in certain cases 
for the spread of an adenomyosis from the 
uterus into the pelvic cavity. 

The present case furnishes no direct evi- 
dence for any of these modes of origin. Since 
no laparotomy had been done the implanta- 
tion of endometrium into the pelvic cavity 
can be definitely excluded. Regurgitation of 
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menstrual debris is less probable in the ma- 
caque than in the human because a valve-like 
structure at the uterotubal junction prevents 
the flushing of the tubes from the uterine 
cavity.! We do not know enough about the 
physiology of the macaque uterus during men- 
struation, however, to deny the possible origin 
by regurgitation. A spread of endometrial 
tissue through the uterine wall seems highly 
improbable. Vascular sheaths such as are il- 
lustrated in Figure 5 are not continuous any- 
where with the ectopic endometrium which is 
sharply delimited from the underlying tissue. 
Furthermore, a spread along the vessels should 
have resulted in endometrial tissue in para- 
metrium and rectovaginal septum. There is 
no evidence of any retroperitoneal endo- 
metriosis in this case. Such an origin would 
furthermore require the development of epi- 
thelium from the stroma for which there is no 
good evidence. Developmentally, the uterine 
epithelium would seem to be the organizer of 
the stroma. In conclusion, we can say that 
we have found nothing in the present speci- 
men that would militate against the origin of 
the ectopic endometrium by metaplasia of 
pelvic peritoneum and a rapid spread under 
the influence of long continued growth 
stimuli. 
SUMMARY 

A case of spontaneous pelvic endometriosis 
is described in a rhesus monkey which had 
been subjected to four cerebral (two pre- 
frontal followed by two temporal) lobectomies. 
Four years after the last operation she ex- 
hibited symptoms of a severe dysmenorrhea 
and died 2 years thereafter on the 7th day of a 
menstrual period. The abdominal cavity was 
distended with blood and menstrual debris 
and exhibited extensive adhesions. The peri- 
toneal surface of uterus, adnexa, bladder, and 
pelvic wall was covered with a tissue which 
had all the characteristics of endometrium 
including typical coiled arteries. It was in the 
process of menstruation; in some areas there 
had been little or no loss of tissue (Figs. 1, 2, 
6, and 7); elsewhere only a film of stroma 
remained (Fig. 3). 

Various conditions developing after the sec- 
ond temporal lobectomy may be ascribed to an 

‘Personal communication from Dr. C. G. Hartman. 
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endocrine imbalance related to degeneration of 
fibers and injuries to the hypothalamus, viz., 
hypersexuality, polydipsia, bulimia with pro- 
gressive adiposity, and hyperplasia of the rete 
ovarii (Fig. 3). It is suggested that the 
endometriosis also resulted from the endocrine 
dyscrasia. 

Except for the apparent implantations on 
the intestines, this case of endometriosis can 
best be explained as due to a metaplasia of 
the pelvic peritoneum. 
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AN EVALUATION OF AUREOMYCIN THERAPY 
IN PERITONITIS 


A Report of 235 Consecutive Cases 


LOUIS T. WRIGHT, M.D., F.A.C.S., HERBERT SCHREIBER, M.D., WILLIAM I. METZGER, 
Ph.D., and JOHN W. PARKER, M.D., New York, New York 


HE invasion and subsequent uncon- 

trolled growth of bacteria within 

the peritoneal cavity produce a chain 

reaction of paralytic ileus, toxemia, 
electrolytic imbalance, and circulatory dis- 
turbances. The mechanism of the peritoneal 
insult is important for its effect on the gen- 
eral physiology of the body, and secondarily 
as a guide to the type of organisms to be 
found in the free peritoneal cavity. Regard- 
less of site of the lesion, delay in surgical 
intervention (excluding those individuals ca- 
pable of localizing the infective process) will 
eventually permit the development of the 
terminal picture of peritonitis. When all 
other phases of the total bodily response to 
the abdominal catastrophe are therapeuti- 
cally managed, the bacterial problem is the 
key to a lowered mortality. 

Antibiotics, far more than chemotherapeu- 
tic agents, have proved remarkably effective 
in so altering bacterial activity that a steady 
reduction in the death rate from peritonitis 
has been noted throughout the country (3, 
4, 11, 14, 16). However, a small fatality rate 
remains with uncontrolled bacterial perito- 
nitis still a causative factor. Penicillin and 
streptomycin, despite their proved worth, 
have failed, on occasion, to prevent these 
bacterial deaths. On the logical basis that 
an agent with a wider antibacterial range 
might prove even more efficient in reducing 
this mortality, aureomycin was selected for 
investigation. 

Preliminary results with this antibiotic 
were so encouraging (20), that the study was 
extended to include all types of peritonitis, 
as well as prophylactic and preparative use 
of the agent in intestinal surgery. A second 
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small series was reported (17) which con- 
firmed the original impression that aureo- 
mycin was effective in controlling peritonitis 
due to a-mixed gram negative-gram positive 
flora. Yeager and colleagues and Fine and 
co-workers further confirmed this impres- 
sion. For purposes of presentation, we have 
divided the total cases reported here into 
two major groups: acute peritonitis and 
traumatic-mechanical peritonitis. The latter 
group has already been defined (17), and in 
this category are included all hollow viscus 
lesions not associated with previous organic 
pathology: intestinal obstruction (mechan- 
ical in origin) with or without gangrene of 
bowel, accidental perforations, subcutaneous 
ruptures of viscera, and gunshot and stab 
wounds of the abdomen. Under the former 
group are included: appendicitis with perfo- 
ration, perforated gastroduodenal ulcers, per- 
forated diverticula of all types, and a small 
miscellaneous group. 

Appendical mortality has, in some clinics, 
become almost nonexistent. Ulcer mortality 
varies but the nation-wide average remains 
about 12 per cent. In general municipal 
hospitals comparable with Harlem Hospital, 
the mortality rate for these conditions is 
somewhat higher. Stab wound and gunshot 
wound mortality rates also are variable, and 
in these groups there is unfortunately no 
true method of comparison. Multiple in- 
juries and delay in surgery will obviously 
increase mortality figures sharply, and those 
presented will often not represent the actual 
difficulties encountered by the surgeons. 

This report covers 235 consecutive, un- 
selected. cases of peritonitis of all types. In 
the group of patients with acute peritonitis 
are included: 110 cases of appendical perito- 
nitis with 9 deaths, 47 perforated gastroduo- 
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TABLE I.—STATISTICAL ANALYSIS OF TOTAL CASES REPORTED (235) 


















































Type of peritonitis Deaths Mortality rates 
Group No. of cases ae <a 
Localized | Generalized | Total | Antibiotic | ,20tal, | Antibiotic 
Appendicitis with perforation 110 106 66 44 9 4 8.18 3.809 
Perforated gastroduodenal ulcers, 47 47 ° 47 3 I 6.38 2.22 
Miscellaneous cases* 12 12 6 6 I ° 8.33 0.00 
Totals 169 165 72 97 13 5 7-69 3.04 
Traumatic-Mechanical Peritonitis Category 
Stab wounds 23 23 ° 23 ° ° 0.00 0.00 
Gunshot wounds 10 to ° 10 2 ° 20.00 0.00 
Intestinal obstructions: 
simple and accidental 
perforation 17 17 3 14 4 2 23.53 13.33 
With resection II II ° II 2 ° 18.18 0.00 
Subcutaneous ruptures of 
intestines 5 5 ° 5 I ° 20.00 0.00 
Totals 66 66 3 63 9 2 13.67 3-39 
Totals for groups I & II 235 231 75 160 22 7 9.36 3.18 





























*Gall bladder, 1; sigmoid diverticulum, 3; Meckel’s diverticulum, 1; perforated carcinoma, 3; tubo-ovarian abscess, 1; undiagnosed, 3. 


denal ulcers with 3 deaths, and 12 cases in a 
miscellaneous group with 1 death, a total of 
169 cases with 13 deaths. In the traumatic- 
mechanical category are: 10 gunshot wounds 
of the abdomen with 2 deaths, 23 stab wounds 
with no deaths, 28 obstructions (including 
II requiring resection) with 6 deaths, and 5 
subcutaneous ruptures of hollow viscera with 
1 death, a total of 66 cases with g deaths. 
The total figures in all the emergency sur- 
gery performed was 235 cases with 22 deaths, 
an over-all mortality rate of 9.36 per cent. 
These cases are analyzed in Table I by 
groups as to the type of peritonitis encoun- 
tered and the total and antibiotic mortali- 
ties. All deaths either directly related to 
the surgical procedure or to the general con- 
dition of the patient were considered as sur- 
gical deaths (in Table I the surgical deaths 
are determined by subtracting the antibiotic 
deaths from the total deaths). The 22 fa- 
talities in this series are presented in detail 
in Table VI. It will be noted that a high 
percentage were not in any way related to 
a death from peritonitis or septicemia, and 
on this basis it was felt that correction was 
in order. Under the section termed anti- 
biotic mortality are given our corrected fig- 
ures. This division is used to clarify further 





the role of aureomycin in therapy, and since 
our primary effort was to estimate the effi- 
ciency of the drug, death from causes other 
than peritonitis could not be considered a 
drug failure. 

In Table II the present mortality rates for 
all types of peritonitis are compared with 
those found at Harlem Hospital for the 2 
years preceding this study. In those 2 years, 
penicillin, streptomycin, and sulfadiazine 
were the therapeutic agents used. Adjuvant 
procedures of gastrointestinal decompression, 
maintenance of circulating fluid volume, and 
infusions and transfusions were practiced as 
they were in the current report. The com- 
parison is further evaluated on a surgical 
and antibiotic basis, and the figures demon- 
strate the marked reduction in mortality 
since the use of aureomycin. 

The cases in this series, as well as those 
of the 2 preceding years were unselected, 
and represent the general population served 
by this institution. The people of this area 
constitute, for the most part, a poorly housed, 
economically depressed, generally malnour- 
ished, and educationally limited community. 
In general these individuals are poor major 
surgical risks because of their substandard 
physical and economic status. 
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TABLE II.—COMPARISON OF MORTALITY RATES: CURRENT SERIES WITH PREVIOUS 2 YEARS 
AT HARLEM HOSPITAL 






























































Total Antibiotic Percentage change in antibiotic 
Group No. of cases | No. of deaths | mortality rate | mortality rate | mortality rates in current series 
per cent per cent per cent 
eS p* 62 7 11.29 6.77 Less 28.8 
Appendicitis in adults 

c* 88 9 10.23 4.82 
P 22 3 13.63 13.63 

Appendicitis in children Less 100.0 
¢c 22 ° 0.00 0.00 
P 34 6 17.65 6.67 

Gastroduodenal ulcers Less 66.72 
Cc 47 3 6.38 2.22 
P 24 3 12.50 8.69 

Stab wounds Less 100.0 
Cc 23 ° 0.00 ©.00 
P 15 4 26.67 8.33 

Gunshot wounds Less 100.0 
Cc 10 2 20.00 ©.00 
: . ; J P 10 6 60.00 33-33 

Intestinal obstructions with resection Less 100.0 
Cc Ir 2 18.18 ©.00 
Intestinal obstructions: simple and accidental} P 59 II 18.64 9.43 

perforations Increase 41.36 

Cc 17 4 23.53 13.33 
: P bg 8 4 50.00 20.00 

Miscellaneous ruptures or perforations Less 100.0 
Cc 17** 2 11.76 0.00 
P 234 44 18.80 7.76 

Totals Less 59.02 
Cc 235 22 9.36 3.18 




















*P, previous 2 years; C, current series. 


**Gall bladder, 1; sigmoid diverticulum, 3; Meckel’s diverticulum, 1; perforated carcinoma, 3; tubo-ovarian abscess, 1; subcutaneous ruptures, 5; 


undiagnosed, 3. 


The method of management of all cases 
has become standardized. Preoperatively, in- 
travenous fluids are given to correct dehydra- 
tion and any existing electrolytic imbalance, 
and gastric suction is begun. When a diag- 
nosis of peritonitis is made preoperatively, 
aureomycin is administered intravenously in 
a 500 milligram dose. Postoperatively, gas- 
trointestinal decompression is continued as 
needed; circulatory fluid volume is main- 
tained by intravenous glucose or saline in- 
jections and blood transfusions; vitamin ther- 
apy is instituted; and early ambulation prac- 
ticed. Intravenous aureomycin therapy is 
begun immediately postoperatively, 500 mil- 
ligrams twice daily, and continued until the 
clinical condition has improved to the point 
where oral fluids can be taken. Thereafter 
the drug is given orally, 500 milligrams twice 
daily or 250 milligrams every 6 hours. 

Prior to the introduction of a buffered 
aureomycin hydrochloride, the incidence of 
chemical phlebitis was extremely high. In 
any patient requiring more than 3 or 4 in- 


travenous injections, an irritating phlebitis 
would result almost routinely. Aureomycin, 
buffered with sodium glycinate, has prac- 
tically eliminated this complication (1 case 
in 135). The method of administration is 
extremely simple. The powder is mixed in 
50 cubic centimeters of sterile distilled water, 
and injected directly into the vein, about 5 
minutes being used to complete the process. 
Except for 1 case of local irritation following 
3 days of instillation no reaction or evidence 
of sensitivity has been noted. In this clinic 
it was found that no clinically significant 
variation in the clotting time of the blood 
was effected by aureomycin therapy (18). 
A clinical note of interest, not completely 
explained, has been the almost complete ab- 
sence of gastric irritation in the patients with 
peritonitis when given oral aureomycin. In 
3 cases we did notice nausea and vomiting, 
but the episodes were not severe enough to 
force discontinuance of the drug. Note- 
worthy is the fact that not a single instance 
of postoperative parotitis has been observed 
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TABLE III.—DISTRIBUTION OF MICRO-ORGANISMS ISOLATED AT OPERATION FROM CASES OF 
PERITONITIS TREATED WITH AUREOMYCIN 



















































































Number of cases 
Organism 2 
isu Appendices a. Gunshot =. oa | Total 
Staphylococcus albus II 23 4 ° I 2 41 
Staphylococcus aureus ° 2 ° ° ° ° 2 
Alpha hemolytic streptococci 25 9 ° I 7 4 46 
Beta hemolytic streptococci 5 8 ° ° 2 I 16 
Nonhemolytic streptococci 10 14 5 2 9 ° 40 
Anaerobic streptococci 8 21 ° ° I I 31 
Micrococci 3 13 2 ° I I 20 
Bacillus sp. t 3 ° ° ° ° 4 
Lactobacilli 2 I I I 3 ° 8 
Diphthervids 4 10 I ° ‘ 3 19 
Clostridium perfringens I 16 2 ° 3 2 24 
Other clostridia I 3 I ° ° ° 5 
Yeast cells 5 I ° ° I ° 7 said 
Escherichia coli 5 46 4 ° 3 4 62 
Aerobacter aerogenes 2 ar 4 I 5 ° 33 
Klebsiella sp. ° 2 ° ° ° ° 2 
Paracolon bacilli I 6 ° ° ° I 8 
Proteus ° 2 3 I I . 8 
Pseudomonas ° 2 I ° ° ° 3 
Bacteroides 4 21 I I 2 4 33 
Alcaligenes faecalis ° 2 ° ° ° ° 2 
No organisms found 4 10 3 2 I I ar 
Total cases cultured 44 95 14 5 17 12 187 


























in hundreds of cases during the past 3 years 
that we have been using aureomycin. 

Our results as demonstrated in Table II 
show an over-all reduction in mortality ap- 
proximating 50 per cent in the group of 
cases of acute peritonitis. In the cases of 
traumatic-mechanical peritonitis, certain con- 
ditions show an even greater reduction. We 
feel that the most striking result since the 
institution of aureomycin therapy has been 
the absence, to date, of mortality in perfo- 
rated appendices in children under the age 
of 12. In a total of 22 successive cases, no 
deaths occurred, while in the previous years 
used for comparison, there were 3 deaths in 
22 cases. 

LABORATORY STUDIES 

In order further to prove the role of aureo- 

mycin in the treatment of peritonitis, various 


laboratory studies were carried out in con- 
junction with the clinical phase of the work. 
A detailed bacteriologic study was part of 
this program. At the time of operation, 
sterile cotton swabs were used to obtain 
samples of peritoneal fluid and, in some 
cases, samples from the lesion itself. These 
swabs were then inoculated on the appro- 
priate media for aerobic and anaerobic in- 
cubation. Since these procedures were car- 
ried out directly by us, the time factor did 
not assume importance. After incubation, 
pure cultures were obtained for further study. 
Many of the pure cultures were submitted 
to in vitro sensitivity tests. 

Table III shows the distribution of micro- 
organisms isolated from the various groups 
of patients. This distribution appears to 
represent the typical flora which might be 
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anticipated for each of the conditions de- 
scribed. In perforated ulcers, streptococci 
were the predominate organisms isolated. 
In this disease a pure culture was usually 
found and the type of streptococcus pre- 
dominating was the alpha hemolytic variety. 
Relatively few gram negative bacilli were 
isolated from ulcers, probably because of 
early surgical intervention and because of 
the location of the lesion. Of the 3 patients 
who died from ulcer, Escherichia coli was 
isolated from one and Aerobacter aerogenes 
from another. However, this appears to be 
of no significance since 4 other cases yielded 
Escherichia coli and 1 other yielded Aero- 
bacter aerogenes. The 1 case of ulcer in 
which death was considered to be due to 
antibiotic failure yielded a culture of beta 
hemolytic streptococci, alpha hemolytic strep- 
tococci, and nonhemolytic streptococci. 

In the cases of appendicitis a mixed flora 
was generally found with 3, 4, or 5 species 
often constituting the mixture. Gram nega- 
tive bacilli were the predominate organisms, 
but staphylococci, streptococci, and anaerobes 
were also frequently isolated. In general, 
fecal organisms constituted the flora found 
in these cases. 

The lesions in the other types of cases list- 
ed in Table III gave similar floras, depending 
chiefly upon the location of the lesion. 

These findings are consistent with those 
reported by Altemeier (2, 3), Meleney and 
associates, and others. 

A problem of additional interest is that 
concerning negative operative cultures. Un- 
doubtedly several factors are involved, in- 
cluding the type and location of the lesion 
and the method of culturing as well as the 
care taken in properly culturing the patho- 
logic material. The percentage of negative 
cultures in this entire series is not unduly 
high (11.2 per cent) but this figure could 
probably be further reduced by culturing 
material from the lesion itself as well as the 
peritoneal fluid. The question of negative 
cultures in perforated gastroduodenal ulcers 
is of especial interest. Graham and Tovee 
cultured the peritoneal fluid of 59 patients 
with ulcer at the time of operation and 
found 34 (57.6 per cent) negative cultures. 


TABLE IV.—ANALYSIS OF BACTERIOLOGY OB- 
TAINED AT OPERATION FROM PATIENTS 
WITH PERFORATED GASTRODUODENAL UL- 
CERS TREATED WITH AUREOMYCIN 


No. cases 
Ce RE oe De MPR 44 
NW GUMNEINEMN a onc G's 2 asc Sa eekda va aba aes 3 
RUNNER eb hte tena xan Jee ae ees 47 
Positive cultures... ..... 2... 602520 (90.91%) 40 
Negative calttres. .. ... 2... pe50s ( 9.09%) 4 
TRUE. oS fee ea) (100.0% ) 44 
Correlation between cultures obtained from 
peritoneal fluid and those obtained from 
the ulcer site: 
Fluid culture negative, lesion culture positive 7 
Fluid culture positive, lesion culture negative 2 
Fluid culture more significant* than lesion 
CONMNOS idx dacnccceccdesceeuceteaewes I 
Fluid culture less significant* than lesion 
CONN an din cwccsaeuaedatasceeencas 3 
Fluid and lesion cultures essentially alike. . 10 
Fluid cultured only, lesion not cultured of 
these cultures were negative). . were 21 
NE. Se daues crete. che een 44 


*From the standpoint of both the types of organisms and the 
total number of organisms cultured. 


They state, “We must, therefore, look fur- 
ther afield than the peritonitis which accom- 
panies this emergency to explain why these 
patients are sick.” They considered that bac- 
terial peritonitis as a serious factor in this 
disease is a late manifestation. Hirshfeld, 
Abbott, and Smathers discuss and review 
the problem further. It is obvious that many 
authors consider the peritoneal fluid sterile 
during the early hours following perforation 
of a peptic ulcer. Other authors find a high 
incidence of positive cultures. Hirshfeld and 
his co-workers believe that in most cases the 
peritoneal exudate is not sterile and they 
stress proper culturing as well as care in cul- 
turing as steps to dispel the opposing opinion. 

In an effort to help solve this problem fur- 
ther, we endeavored to take two sets of bac- 
terial cultures at operation in cases of ulcer, 
one from the peritoneal fluid and one from 
the ulcer site. This was done in an effort to 
reduce the percentage of negative cultures, 
if possible, and to note any quantitative or 
qualitative difference regarding the flora iso- 
lated. Our results have been analyzed and 
are presented in Table IV. It can be seen 
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TABLE V.—IN VITRO ANTIBIOTIC SENSITIVITIES OF VARIOUS BACTERIA ISOLATED FROM 
THE ABDOMEN AT TIME OF OPERATION 

























































































No. cultures tested No. sensitive No. sensitive No. sensitive 

to less than to 5.0-20.0 to more than 

Organism To To A 5.0 Mcg./Ml Mcg./M1 20.0 Mcg./M1 

A* plus Total 

only | others A) CTP YS TIAL CS PPS PPI ATEE PY aE 
Escherichia coli 7 9 16 14 o}| o| 8] or el Cr ei 4 9 cl 6 
Aerobacter aerogenes 2 8 10 7 2 ° ° 5| 3 4 ° 7 tI] o 2 8 I 2 
Paracolon bacilli I I 2 Th Cl OC) Fi Ol SF Ol Gr Glen Gr ££) £5 6 
Pseudomonas 2 ° 2 o}—]—]—lo—l] oO} ml omy oid et ol OI de 
Proteus 4 ° 4 ol— i] mimi oml ol m yom lam tol aA cdl Od Od 
Staphylococcus albus 3 3 6 3 ° I ° cL s I of ol et ¢ 2 at Gi 2 
Staphylococcus aureus 3 ° 3 3)—]—]—t]~—] ofl —} aml oti ot ol lel 
Nonhemolytic streptococci ° 3 3 3 2 2 ol gi -<¢ I ° 2 oo] o ° I I ° 
Alpha hemolytic streptococci 3 5 8 8i 3 4. er et «6 af oo] #]| @f. @f 6 I 3] 0 
Beta hemolytic streptococci ° I I o}] o I o}] oj] t I eo} o I] o ° ° I ° 
Micrococci 3 I 4 a I I ri 6of o! 6) o) of OT @) of @| 6 
Diphtheroids 4 ° 4 3)—-]—]—-]—}] of —t] ol] oml ot td 
Bacillus sp. 2 ° 2 21—|—|]—}]—] of —|}—m—l—lo—y] eo} — Ill 
Klebsiella sp. I ° I r}—{|—}—}]—}] of —~ lm] oml ot oy KI al cl 
Alcaligenes faecalis 4 ° 4 4}/—-/;]—J]—l—}] of —|—}]—I]—] of —I|—-]-—-Il- 
Totals 39 31 70 54 1 12 9 zl agt 6| 35 o| 22 3!10| 4| 22 o.. 3 





























*A—aureomycin 
C—chloramphenicol 
P—penicillin 
S—streptomycin 
T—terramycin 


that our efforts to obtain two sets of oper- 
ative cultures were only partially successful, 
due mainly to the neglect of the particular 
operating team. However, of the cultures 
in 44 cases, only 4 were negative (9.09 per 
cent) and those were from patients in which 
cultures of the lesion were not taken. If only 
fluid cultures had been taken throughout, 7 
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Fig. 1. Serum levels in 2 patients following oral aureo- 
mycin hydrochloride, 500 milligrams twice daily. 


more cases would have been reported as neg- 
ative, an over-all figure of 25 per cent nega- 
tive cultures. It is our definite conviction 
that bacterial peritonitis is a major early 
factor in the case of perforated gastroduo- 
denal ulcer (in the majority of the cases re- 
ported here there was a 6 to 12 hour pre- 
operative period). Moreover, we believe that 
careful culturing, including cultures from the 
site, will yield a high percentage of positive 
results. 

Many of the organisms isolated in pure 
culture from peritonitis cases of all types 
were submitted to in vitro sensitivity tests. 
Typical results are shown in Table V. The 
vast majority of these organisms were quite 
sensitive to aureomycin (5.0 wg. or less) and 
this, in part, explains the good clinical re- 
sults. Along with this are illustrations (Figs. 
I, 2, and 3) to show typical blood levels fol- 
lowing intravenous or oral aureomycin ad- 
ministration. Demonstrable levels are pres- 
ent at all times and this fact, plus the sensi- 
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tivities and clinical findings, confirms the 
dosage schedule we have employed. In ad- 
dition several peritoneal fluid level deter- 
minations for the presence of aureomycin 
at the time of operation revealed amounts 
varying from 2 to 10 micrograms of drug 
per milliliter of fluid (500 mgm. of intra- 
venous aureomycin had been given 3 to 6 
hours preoperatively). In view of the sensi- 
tivity results these must be considered ther- 
apeutic levels. 

Many patients in this series had cultures 
taken frequently from the indwelling abdom- 
inal drain until the time of its removal. This 
was done in an effort to detect periodic fluc- 
tuations, if any, in the peritoneal flora. This 
work is not considered significant enough to 
present in detail but many cases consistently 
revealed an intestinal flora coming from the 
drain after the patient had recovered from 
the abdominal emergency. Although viru- 
lence studies were not done this would seem 
to bear out Crile’s contention that certain 
intestinal organisms, particularly Escherichia 
coli, are relatively nonvirulent saprophytes. 
Despite the presence of this organism and 
related bacteria in the abdominal drains or 
in postoperative wound infections most of 
the patients made complete recoveries. 

The conclusions drawn from our bacteri- 
ologic investigation are that: (1) a wide range 
antibiotic should be employed for the ther- 
apy of peritonitis, (2) the course of the dis- 
ease cannot be predicted by the bacteriologic 
flora found at the time of operation, and (3) 
bacterial peritoniis is an important early 
factor in the case of perforated ulcer regard- 
less of the interval from onset to operation. 

Other laboratory studies, including com- 
plete urinalyses and hematologic tests, added 
nothing of significance other than to point 
out the nontoxicity of the drug. 

The 22 deaths in this series are correlated 
in Table VI. The criteria for differentiation 
between a surgical and antibiotic death were 
clinical or postmortem findings which indi- 
cated failure of the antibiotic to control bac- 
terial extension. Deaths within 24 to 48 
hours following surgery are excluded from 
the antibiotic list and included as surgical 
deaths. Mortality after 15 to 18 days when 
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Fig. 2. Serum levels in 3 patients following intravenous 
aureomycin hydrochloride, 500 milligrams twice daily.! 


abdominal findings were negative are listed 
as surgical deaths. 


DISCUSSION 


Aureomycin has proved to be the most ef- 
fective agent ever used at Harlem Hospital 
for the therapy of peritonitis. Its addition 
to the basic preoperative and postoperative 
routine has significantly altered our mortal- 
ity expectancy to the point where death from 
uncontrolled peritonitis in acute surgical 
emergencies has been reduced to negligible 
proportions. 

As shown in our total figures, we have 
more. than halved the mortality rate, but 
more specifically, as a study of our deaths 
will demonstrate, peritonitis is rarely the 
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Fig. 3. Serum levels in 2 patients following intravenous 
aureomycin hydrochloride buffered with sodium glycinate, 
500 milligrams twice daily.? 


1Given in 500 ml. of 5 per cent glucose in water as an intra- 
venous drip over a 1 hour period. 

2Given in 50 mil. sterile distilled water as a direct injection 
over a 5 minute period. 
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TABLE VI.—ANALYSIS OF DEATHS IN CASES OF PERITONITIS TREATED WITH AUREOMYCIN 
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Patient Period Duration of 
Hosp. No. onset to Diagnosis hospital Bacteriology Cause of death Evaluation of death 
Age, Sex operation stay 
A. O. 86 hrs. Perforated gastroduo- 40 hrs. A. aerogenes Pneumonia, cardiac Surgical 
48-12196 denal ulcer failure 
65,F 
W. iH. 26 hrs. Perforated gastroduo- 10 days E. coli Patent ulcers 2nd part | Surgical 
48-12072 denal ulcer duodenum with gen. 
28, M peritonitis 
P. G. 8 hrs. Perforated gastroduo- 14 days |Beta strep., alpha strep.,| Peritonitis Antibiotic 
50-3692 denal ulcer nonhem. strep. 
28, M 
L. M. 72 hrs. Gangrenous appendix 4 days E. coli, A. aerogenes, Pulmonary embolus Antibiotic 
48-16581 with abscess formation anaerobic strep., 
45,M and appendiceal bacteroides 
thrombosis 
1. ?. 40 hrs. Goserere appendix 11 days Anaerobic strep., Generalized peritonitis | Surgical 
48-17059 with localized perito- diphtheroids due to stump “blow 
42, nitis and abscess for- out” 
mation 
AR. 48 hrs. Perforated appendix — 8 days Not done Cerebrovascular acci- Antibiotic 
50-8317 with abscess formation dent. Peritonitis? 
68, F (No postmortem) 
mJ, 7 days Perforated diverticulum, 3 days Not done Peritonitis. Perforated | Antibiotic 
50-13480 nonoperative appendix on post- 
52, F mortem 
J.P. 7 days Gangrenous appendix 8 days E. coli, bacteroides, Congestive heart failure; | Antibiotic 
49-10561 with abscess formation Staph. albus, micro- no postmortem 
67, cocci, diphtheroids 
J. W. 36 hrs. Perforated appendix 12 days Beta strep., A. aero- Bleeding peptic ulcer Surgical 
49-14089 genes, pseudomonas 
37,M 
W.S. 30 hrs. Perforated appendix 4 days E. coli, alpha strep., Delirium tremens, post- | Surgical 
49-14004 Staph. albus mortem bilateral. 
, M bronchopneumonia 
J. W. 72 hrs. Gangrenous appendix 24 days E. coli, bacteroides, Coronary occlusion Surgical 
49-14462 with abscess formation anaerobic strep., Clos. 
72, perfringens 
E. S. 7 days Perforated appendix 20 hrs. E. coli, A. aerogenes, Far advanced tubercu- | Surgical 
50-3228 with generalized anaerobic strep., yeast] losis, shock, gen. 
53, F peritonitis cells peritonitis 
.H. Unknown | Subcutaneous perfora- 22 hrs. E. coli, proteus Peritonitis, shock Surgical 
48-11481 tion mid-ileum 
27,M 
1. os 1% hrs. Gunshot wound with 11 hrs. Not done Shock Surgical 
48-24403 hemothorax and lac- 
32, erated spleen, pan- 
creas, transverse 
colon, ileum 
E. P. 4 hrs. Gunshot wound with 12 hrs. Not done Shock Surgical 
50-16722 lacerated liver, 
27,M transverse colon, 
diaphragm 
E. J. 48 hrs. | Acuteintestinalobstruc-| 3odays | E.coli, pseudomonas, | Carcinomatosis Surgical 
49-9056 tion due to extrinsic nonhem. strep. 
34, F carcinoma with gan- 
grenous bowel 
C.R. 6days | Acuteintestinalobstruc-) 3days | A. aerogenes, Clos. per- | Congestive heart failure | Surgical 
49-13752 tion volvulus of sigmoid) fringens, nonhem. 
65, F strep. 
ie a 50 hrs. Acute intestinal obstruc- 3 days Microaerophilic staph. | Uremia. Peritonitis? Antibiotic 
49-21122 tion due to adhesions (No postmortem) 
50, 
M.R. 48 hrs. Acute intestinal obstruc- 4 days Negative Delirium tremens. Antibiotic 
49-23054 tion due to adhesions— Peritonitis? (No post- 
42,M accidental perforation mortem) 
of bowel at operation 
& i 72 hrs. Acute intestinal obstruc-| 3 days A. aerogenes, nonhem. | Gangrene of bowel due | Surgical 
50-1440 tion due to congenital strep. to mesenteric throm- 
38, F band is 
S. W. 72 hrs. Acute intestinal obstruc- 22 hrs. E. coli, A. aerogenes, Toxic delirium, shock Surgical 
50-3704 tion with gangrene Clostridium sp. 
37, F and resection 
pa wl 6 days Perforated sigmoid 36 hrs. A. aerogenes, alpha Peritonitis Surgical 
50-16228 diverticulum with strep. 
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prime cause of death. Extra-abdominal com- 
plications have become the limiting factor 
in almost complete elimination of fatalities 
in surgical emergencies. In the appendical 
group, several deaths included under anti- 
biotic mortality might have legitimately been 
attributed to the surgical group, but lack of 
proof by postmortem studies or possibly in- 
sufficient clinical evidence required listing 
under antibiotic failures. 

In children, under the age of 12, peritonitis 
from a perforated appendix is rapidly brought 
under control with the use of aureomycin. 
There were no deaths in this series while in 
the 2 previous years used for comparison, 
uncontrolled peritonitis took 3 lives. In the 
current report, the ages varied from 3% to 
10 years. Response to the drug was excellent 
in all. Dosage paralleled that of the adults 
with 300 to 500 milligrams given intrave- 
nously twice daily, the dose depending upon 
the age and the weight of the child. There 
were several intra-abdominal complications, 
controlled by the continued oral use of 
aureomycin. 

The disparity in the number of cases of 
intestinal obstruction is due to a change in 
the original plan of the study. Only those 
cases requiring resection of the bowel were 
formerly included, and it was not until late 
in the series, that all cases were included. 
The work of Tanturi, Laufman, Nemir, and 
their co-workers, and others demonstrated in 
cases of experimental intestinal obstruction 
that the bowel wall becomes permeable to 
bacteria and toxins without gross evidence 
of perforation of the bowel, and it was felt 
that aureomycin should prove effective in 
controlling this type of peritoneal infection. 
Obstructions due to intraluminal neoplasms 
were not included in either group, nor were 
intussusceptions in children. 

As noted, we have not been particularly 
successful in reducing mortality in cases of 
intestinal obstruction, although every death 
was attributable to the general condition of 
the patient. No antibiotic agent could be 
expected to alter an extreme physiochemical 
collapse. It was felt that bacterial invasion 
of the peritoneum was not a problem in this 
type of obstruction. 


In those cases requiring resection of gan- 
grenous bowel, however, the entire outlook 
has been altered, with prognosis improved 
remarkably. The marked reduction in mor- 
tality (from 60 to 18.18 per cent over-all and 
from 33.33 to o per cent in the antibiotic 
category) demonstrates clearly the elimina- 
tion of peritonitis as the cause of death, and 
this would appear to be attributable primar- 
ily to the use of aureomycin. We can con- 
tinue to anticipate failures in this group, 
however, as Case 21 demonstrates. Early 
surgical intervention and immediate correc- 
tion of the physiological imbalance resulting 
from the obstruction are the fundamental 
keys to success, with the antibiotic capable 
of effectiveness only after such actions. It is 
clear that resection can be performed with a 
good margin of safety in these totally un- 
prepared patients with the use of antibiotics, 
combined with concentration on all the other 
adjuvant measures required to maintain life. 

The bacteriological flora isolated from these 
cases was generally of a mixed type with fecal 
organisms predominating. In the case of per- 
forated ulcers usually a pure culture was 
found and the predominate organisms were 
streptococci. Most of the flora commonly 
found consists of organisms sensitive to au- 
reomycin, as shown in this report and by 
Pelcak, Metzger, and Dornbush and many 
others. Two outstanding facts that have be- 
come evident as a result of this work are: (1) 
bacterial peritonitis is an important early 
factor in the case of perforated ulcer with a 
short preoperative history (6 to 12 hours), 
(2) the clinical course of the disease cannot 
be predicted from the flora present at the 
time of operation. 

In view of the varied flora encountered it 
is obvious that a wide range antibiotic, such 
as aureomycin, should be used in the therapy 
of peritonitis. Combinations of antibiotics 
were not used in this study and this early 
decision to use only one drug has been 
strengthened by later work. Lankford and 
Lacy have demonstrated marked in vitro 
interference effects with mixtures of aureo- 
mycin and penicillin and aureomycin and 
streptomycin. Hunter has shown an antag- 
onism between aureomycin and penicillin in 











670 SURGERY, GYNECOLOGY AND OBSTETRICS 


vitro and Almklov and Hansen also imply 
such antagonisms. Obviously, more work is 
needed to clarify this important aspect but 
certainly the implication is that one drug 
alone should be used in vivo until proved 
otherwise, at least as far as aureomycin is 
concerned. 

The total picture, including in vitro sen- 
sitivities, blood and peritoneal fluid levels, 
and clinical results, confirms the dosage sched- 
ule used in this study. The results were not 
altered with the rapid intravenous instilla- 
tion (5 minutes) of the glycinated form of 
aureomycin hydrochloride. (The original 
aureomycin hydrochloride was given by in- 
travenous drip over a period of about 1 
hour.) 

The incidence of complications was high, 
with pulmonary problems predominating. 
Throughout the entire series, the absence of 
septicemia was notable with negative blood 
cultures in all cases of persistent fever, in- 
cluding many with proved intra-abdominal 
or pelvic abscesses. Wound infections oc- 
curred frequently and can be attributed to 
the type of case handled and the use of in- 
traperitoneal drains, part of the standard 
procedure at this institution in the treatment 
of peritonitis. It is notable that the systemic 
administration of the antibiotic was com- 
pletely incapable of preventing the develop- 
ment of either a wound infection or a fascial 
slough. 

The agent, by either the intravenous or 
oral route, has been nontoxic, with no evi- 
dence of liver or renal damage. Aureomycin- 
glycinate has eliminated the problem of 
chemical phlebitis, and in cases of peritonitis, 
nausea and vomiting have never been a 
concern. 

SUMMARY 

1. Aureomycin has been used as the sole 
antibiotic in the treatment of 235 consecu- 
tive, unselected cases of peritonitis from all 
causes, with 22 deaths of which 7 can be 
considered due to a failure of the antibiotic. 
The over-all mortality rate was 9.36 per cent 
and the antibiotic mortality rate was 3.18 
per cent. 

2. The total mortality rate and the anti- 
biotic mortality rate have been reduced by 


more than 50 per cent in several of the cate- 
gories reported as compared with 2 previous 
years at Harlem Hospital when penicillin 
and streptomycin were the agents in use. In 
only 1 group, intestinal obstruction without 
resection, was there an increase in mortality. 
Especially impressive were the reductions in 
antibiotic mortalities. 

3. Bacteriologic findings are listed in de- 
tail. The mixed flora found constitute or- 
ganisms that are generally quite sensitive to 
aureomycin. 

4. Aureomycin is administered intrave- 
nously in 500 milligram doses twice daily. 
Oral administration of a similar dose is be- 
gun as soon as gastrointestinal decompres- 
sion can be discontinued. The dosage in chil- 
dren is proportionately less. 

5. This dosage schedule has been con- 
firmed by findings as to blood and peritoneal 
fluid levels of aureomycin, in vitro sensitivity 
tests of various micro-organisms to aureomy- 
cin, and by the clinical results. 

6. Side reactions were minimal and no 
organic toxicity was demonstrable. The 
phlebitis due to intravenous aureomycin hy- 
drochloride has been eliminated by the use 
of the glycinated form. 

7. Aureomycin is considered to be the 
antibiotic of choice in the therapy of perito- 
nitis. 
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ELECTROPHRENIC RESPIRATION 


IX. Comparison of Effects of Positive Pressure Breathing and 


Electrophrenic Respiration on the Circulation During Hemorrhagic 


Shock and Barbiturate Poisoning 


J. V. MALONEY, JR., M.D., J. E. AFFELDT, M.D., S. J. SARNOFF, M.D., and 
J. L. WHITTENBERGER, M.D., Boston, Massachusetts 


HE intimate relation of function be- 

tween the respiratory and circulatory 

systems has long been keenly realized, 

and, in particular, the potential ad- 
verse effects of positive pressure breathing on 
the circulation have received attention. Never- 
theless, positive pressure breathing has con- 
tinued to be successfully used in everyday 
clinical practice, and is one of the most helpful 
means of producing respiratory exchange when 
the latter is required. However, the available 
experimental data (2, 5, 15, 27, 31) and certain 
clinical experiences (8, 18) indicate that the 
injudicious use of positive pressure breathing 
may significantly handicap the circulation. Of 
perhaps greater importance is the fact that 
evaluation of equipment for emergency arti- 
ficial respiration has been done almost entirely 
in relatively normal individuals. Since resus- 
citative equipment must frequently be used in 
situations in which a circulatory as well as a 
respiratory defect already occurs, such evalu- 
ation cannot be considered complete unless it 
includes various types of circulatory embar- 
rassment. 

On theoretical grounds, it was expected that 
certain ventilatory maneuvers would produce 
little or no circulatory depression in the normal 
organism, but would produce a profound dele- 
terious circulatory effect on the organism whose 
circulation was already embarrassed. The ob- 
ject of this communication is to indicate those 
circumstances under which the use of positive 
pressure breathing may depress the circulation 
and the mechanisms which are involved. 

The development of a technique of artificial 
respiration that brings about inspiration by 


Aided by a contract between the Medical Division, Chemical 
Corps, U.S. Army, and Harvard University. 


intermittently increasing the negativity of the 
intrapleural pressure(25, 26, 30) hasmade it pos- 
sible to contrast the effect of diaphragmatic 
with intermittent positive pressure breathing 
in a precise manner. The technique of electro- 
phrenic respiration has been described else- 
where in detail; it consists of rhythmic electric 
stimulation of one phrenic nerve in the neck 
either (a) by external application of a cutane- 
ous electrode, or (b) by the surgical implanta- 
tion of a tantalum electrode in the vicinity of 
the phrenic nerve when prolonged artificial 
respiration is required. 


METHOD 


Fifteen dogs of both sexes were lightly anes- 
thetized with either sodium pentobarbital (25 
mgm. per kilogram) or a combination of mor- 
phine, chloralose, and urethane (8 mgm., 48 
mgm., and 480 mgm. per kilogram, respec- 
tively). No additional doses of anesthetic were 
given between determinations the results of 
which were to be compared to each other. A 
No. 8 cardiac catheter was introduced into the 
pulmonary artery under fluoroscopic control 
for obtaining samples of mixed venous blood. 
One femoral artery was used for removing or 
reinfusing blood, and the other for measuring 
systemic arterial pressure. Arterial samples 
were obtained from either femoral artery. All 
vascular pressures were detected by means of 
electromanometers (23) and recorded on a 
four-channel, direct-writing oscillograph. 
Mean pressures were obtained by electrical 
integration of the full pulse. Central and pe- 
ripheral venous pressures were recorded in 
some experiments. Expired air was collected, 
measured with a spirometer, and analyzed for 
oxygen by means of an oxygen analyzer (21). 
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Fig. 1. Effect of positive pressure on femoral arterial pressure and central and peripheral 
venous pressures. No hemorrhage or sympathetic blockade. Dog breathing 5 ge oe until 
e. 


arrow, at which time positive pressure was applied. Top tracing, right auric 


Middle tracing, 


femoral vein. Lower tracing, femoral artery. Pressure in millimeters of mercury at the left. 
Chart speed, 2.5 millimeters per second. Note maintenance of venous pressure gradient between 
peripheral and central venous pressure, and transient effect on femoral arterial pressures after 
positive pressure was applied. Upper two tracings represent electrically integrated mean 


pressures; lower tracing shows full pulse tracing. 


Blood samples were analyzed for oxygen and 
carbon dioxide by the method of Van Slyke 
and Neill (32). Cardiac outputs were then cal- 
culated according to the Fick principle. 

The trachea was cannulated and pressure 
was continuously recorded through a side tap. 
Positive pressure breathing was applied in one 
of three ways. (a) Manual compression of an 
anesthesia bag was employed, less than 50 per 
cent of the cycle for inspiration being used, 
with a slow build-up and fast fall-off of the 
pressure to zero. (b) A Starling type pump 
was used in some experiments in which it was 
desired to produce an unfavorable type of pos- 
itive pressure breathing curve in so far as it 
maintained a slight positive pressure in the 
airway during expiration. The pump could 
also be modified in such a way as to permit 
zero airway pressure during expiration. The 
former procedure was an imitation of what 
occurs when the anesthetist permits the anes- 
thesia bag to become distended to a point at 
which airway pressure does not fall to zero 
when the bag is released. (c) The third method 
of applying positive pressure breathing was a 


tank respirator of the type described by 
Drinker and Shaw. There has been a limited 
awareness of the fact that when an individual 
is breathed in the tank respirator by producing 
a negative pressure around the body, it is 
physiologically the same as when the lungs 
are distended by applying a positive pressure 
over the airway (9). The matter has been 
more fully clarified recently (17, 34). Inter- 
mittent negative intratank pressure was used 
as one form of applying positive pressure 
breathing in order to give point to those clin- 
ical situations in which it is necessary to treat 
in the tank respirator a patient whose circu- 
latory status is subnormal, as, for example, 
some cases of acute poliomyelitis. 

Electrodes were implanted on one or both 
phrenic nerves, and negative intrapleural pres- 
sure breathing was administered by means of 
the electrophrenic respirator according to the 
method previously described. 

Although negative intrapleural pressure 
breathing readily suppressed the dog’s spon- 
taneous respiration (6, 28), hyperventilation 
was usually required during positive pressure 
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breathing to suppress respiration, especially 
during shock. An attempt was made to make 
the respiratory rate and depth approximately 
the same during negative intrapleural pressure 
breathing and positive pressure breathing. 
This was not always possible because the pos- 
itive pressure breathing was set according to 
the increase in intratracheal pressure produced, 
since this is the criterion followed by most 
anesthetists. Arterial blood carbon dioxide 
levels indicated that hyperventilation was 
present during both types of artificial respira- 
tion and was in general somewhat more pro- 
nounced during positive pressure breathing. 
However, the carbon dioxide levels in arterial 
blood were only 3.6 volumes per cent lower 
(average) during positive pressure breathing 
than during negative intrapleural pressure 
breathing. and significant changes in cardiac 
output were observed in dogs at the time when 
no difference in carbon dioxide levels was 
present. 


Fig. 2. a, Femoral arterial pressure of dog bled into 
moderate hemorrhagic shock. Negative intrapleural pres- 
sure breathing until first signal in upper tracing, then pos- 
itive pressure applied by manual compression of anesthesia 
bag with a peak pressure of 15 centimeters of water until 
signal in lower tracing when negative intrapleural pressure 
was resumed. Solid black line in lower tracing is electrically 
integrated mean pressure. Pressure in millimeters of mer- 
cury at the left. Chart speed, 2.5 millimeters per second. 
b, Same dog after reinfusion of sufficient blood to restore 
original arterial pressure. Upper tracing full pulse, lower 
tracing electrically integrated mean. Negative intrapleural 
pressure stopped and positive pressure begun at signal in 
both tracings. Positive pressure breathing now has little 
effect on mean arterial pressure level. 


When preliminary maneuvers had_ been 
completed, enough blood was removed from 
one femoral artery to reduce the systolic arter- 
ial pressure to between 4o and 100 millimeters 
of mercury in different dogs. When the arterial 
pressure had stabilized, negative intrapleural 
pressure breathing and positive pressure 
breathing were alternated with each other for 
similar periods, the duration of which varied 
from 5 to 20 minutes. In a few experiments, 
comparisons of 2 minute alternating periods 
were made, largely for purposes of illustration 
(Fig. 7). Numerous airway and vascular pres- 
sure measurements were made before, during, 
and after the cardiac output determinations. 
In a few experiments, intrapleural pressures 
were measured through a spear type cannula 
that traversed the right and left pleura, so 
that liberal communication was permitted be- 
tween these two cavities by means of numer- 
ous small holes present in the cannula over its 
entire intrathoracic extent. The thorax was 
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Fig. 3 Comparison of negative intrapleural pressure and positive pressure on arterial pressure of dog in hemorrhagic 


shock. Grane tracing, airway pressure. Second tracing, femoral arterial pressure, full pulse. Third tracing, femoral arterial 
pressure, electrically integrated mean. The upper three tracings are simultaneous at a chart speed of 2.5 millimeters per 
second. The lower tracing was obtained separately at a speed of 25 millimeters per second to show changes in pulse con- 





tour. These were then appropriately superimposed as seen. Pressure in millimeters of mercury at the left. 


freed of air after the introduction of the can- 
nula. Readings were made on a water 
manometer. 

Barbiturate poisoning was produced by giv- 
ing sodium pentobarbital intravenously until 
respiration was either abolished or almost so. 

When it was desired to eliminate the influ- 
ence of sympathetic nerves, Nu-2222 (tri- 
methylene thiophanium d-camphor sulfonate) 
(22) was given intravenously in a dose of 0.06 
milligram per kilogram. This drug, whick is 
pharmacologically similar to tetraethylammo- 
nium chloride in its ganglionic blocking action, 
was used instead of the latter because of its 
longer effect and apparently more complete 
action. 

D-tubocurarine was given intravenously in 
doses just insufficient to produce respiratory 
paralysis. 


RESULTS 

Before hemorrhagic shock. In Figure 1 is 
shown the effect of changing from spontaneous 
(negative intrapleural pressure) breathing to 
positive pressure breathing on the arterial, 
peripheral venous, and central venous pres- 
sures. The change produced only a transient 
decrease in the systolic, diastolic, and mean 
arterial pressures which soon recovered, and 
in many animals a secondary slight rise above 
the control level occurred. 

The arterial, peripheral venous, and central 
venous pressure responses to the initiation of 
positive pressure breathing before hemorrhage 
yielded a consistent pattern worthy of con- 
sideration (Fig. 1). When increased pressure 
is applied to the airway, a certain portion of 
this pressure is transmitted to the right auri- 
cle. This direct mechanical elevation of right 
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Fig. 4. Comparison of negative intrapleural pressure and positive pressure on arterial pres- 
sure of dog in hemorrhagic shock. The three tracings are femoral arterial pressure and are 
continuous. At first arrow in upper tracing positive pressure breathing was stopped and nega- 


tive intrapleural pressure breathing begun. 


At second arrow negative intrapleural pressure 
breathing stopped and positive pressure breathing begun. 


Change from positive pressure 


breathing to negative intrapleural pressure breathing at arrow in middle tracing. During 
positive pressure breathing airway pressure varied between 3 and 13 millimeters of mercury, 
with a mean of 7 millimeters of mercury. Chart speed, 1 millimeter per second. Pressure in 
millimeters of mercury at the left. See Figure 5. 


auricular pressure prevents blood from return- 
ing from the peripheral veins at a normal rate. 
The result of the diminution of venous return 
is a transient fall in arterial pressure. Within 
about 15 seconds, however, a compensatory 
rise in peripheral venous pressure has taken 
place. The pressure gradient in the venous 
system is thus restored, venous return in- 
creases, and arterial pressure recovers. This 
normal response to positive pressure breathing 
requires a relatively normal circulatory status, 
as is illustrated by subsequent data. Occasion- 
ally, before hemorrhage, when the comparison 
between negative intrapleural pressure breath- 
ing and positive pressure breathing was made 
soon after supplementary barbiturate had 
been given, a significant fall in arterial pres- 
sure occurred during positive pressure breath- 
ing, but this effect generally wore off in about 
15 minutes. 

During hemorrhagic shock. (a) Blood pres- 
sure: During hemorrhagic shock a consistent 
and striking lowering of systolic, diastolic, and 
mean pressures occurred when positive pres- 
sure breathing was substituted for negative 


intrapleural pressure breathing. The reverse 
was true when negative intrapleural pressure 
breathing was reinstituted and positive pres- 
sure breathing stopped. Figures 2aand 3 demon- 
strate these responses. In Figure 3, the high 
speed tracings at the bottom correlated with 
the upper three tracings show the apparent 
diminution in stroke volume during positive 
pressure breathing. Over 100 such compari- 
sons were made at varying resting arterial 
pressure levels, and only very rarely did this 
relationship fail to obtain. It was less likely 
to be severe when the positive pressure phase 
was extremely short, giving a low mean posi- 
tive pressure in the airway for the total pos- 
itive pressure breathing cycle. (b) Cardiac 
outputs: Table I shows the type of positive 
pressure breathing used, mean airway pressure 
for the cycle and the results of 19 cardiac out- 
put determinations in 6 dogs during the shock 
state. In all cases cardiac outputs were higher 
during negative intrapleural pressure breath- 
ing than during positive pressure breathing. 

After restoration of the blood volume. After 
reinfusion of enough blood to bring the arterial 
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TABLE I.—COMPARISON OF EFFECT OF PPB AND 
EPR ON CARDIAC OUTPUT DURING HEMOR- 
RHAGIC SHOCK 































































































Mean . 
pres- Cardiac outputs 
Num- Type — 
ber — Anesthesia a Pn 8 
of dog PPB | ppB | PPB | EPR | Per 
mm. |L.min.|L.min.| cent 
Hg. rise 
_ 13.0 Nembutal Tank| 4.0 | 0.59*| 0.77*| 30 
8 12.8 Nembutal Tank} 7.0 | 0.23*| 0.30%) 30 
9 18.9 Nembutal Tank| 6.5 | 1.01 | r.25*| 24 
10 14.2 Nembutal Pump} 7.5 | 0.67 | 0.89*/ 33 
II 10.4 M.C. & U. Pump| 7.0 | 0.25*| 0.47 88 
12 10.5 M. C. & U. Pump] 10.0 | 0.05 | 0.87 | 1640t 











PPB, positive pressure breathing 

EPR, negative intrapleural pressure breathing 
*Mean of two cardiac output determinations 
tRapidly changing circulatory status; see Figure 5 


pressure back to normal levels, the arterial 
pressure response to positive pressure breath- 
ing returned to its prehemorrhage status, 
namely, little or no change (Fig. 2b). 
Hazards of permitting positive pressure in the 
airway during expiration in hemorrhagic shock. 
When airway pressure does not return to zero 
during expiration, as may happen clinically 
when the anesthesia bag is permitted to be- 
come overdistended, the mean pressure during 
the respiratory cycle is increased and the cir- 
culatory hazards of positive pressure breathing 
during shock are accordingly increased. Fig- 
ures 4 and 5 show the results when negative 
intrapleural pressure breathing was alternated 
with positive pressure breathing in a dog in 
hemorrhagic shock. In Figure 4, positive pres- 
sure breathing was applied in such a way that 
airway pressure varied between 3 and 13 milli- 
meters of mercury with a mean of 7 milli- 
meters of mercury. The progressive deleteri- 
ous effect is apparent. The deviation of mean 
intrapleural pressure on going from negative 
intrapleural to positive pressure breathing was 
4.5 millimeters of mercury. When the positive 
pressure breathing range was increased to vary 
between 4.5 to 19 millimeters of mercury, with 
a mean of g to 10 millimeters of mercury (Fig. 
5) the effect on circulation was almost lethal. 
This tracing corresponds to the cardiac output 
data from dog No. 12 in Table I, and confirms 
the drastic nature of the circulatory change 


ELECTROPHRENIC RESPIRATION 677 





















































Fig. 5. Same dog as in Figure 4 with simultaneous air- 
way pressures recorded below the femoral arterial pressure. 
Upper two tracings continued in lower two tracings. Posi- 
tive pressure breathing as indicated by airway pressures 
which now varied between 4.5 and 19 millimeters of mer- 
cury with a mean of about 10 millimeters of mercury. Note 
more pronounced depression of arterial pressure than was 
apparent previously in same dog (Fig. 4). 


when high mean airway pressures are used 
during hemorrhagic shock. 

Barbiturate poisoning. In the experiment 
shown in Figure 6, positive pressure breathing 
was applied by means of (a) the tank respirator 
using negative intratank pressure that varied 
between o and —20 centimeters of water, and 
then (b) by manual compression of an anes- 
thesia bag causing the airway pressure to vary 
from o to +20 centimeters of water. Sodium 
pentobarbital was administered intravenously 
to the point of apnea, and periods of negative 
intrapleural pressure breathing were then al- 
ternated with positive pressure breathing. 
Blood volume had not been reduced by hem- 
orrhage. The arterial pressure responses are 
seen in Figure 6. The three tracings were ob- 
tained in rapid sequence. The top tracing 
shows the effect on the full arterial pulse of 
changing from negative intrapleural pressure 
breathing to the tank respirator which was 
started at the first signal and stopped at the 
second. The middle record shows the effect on 











678 SURGERY, GYNECOLOGY AND OBSTETRICS 





> RESA"420 700 f] 
resssune 
‘ 





Pf 


64 : i BEES SR 
Soa Pie SE Wiis Cee Fee SR 


{ Bee tee Fran 


Fig. 6. Comparison of negative intrapleural pressure and positive pressure in dog with 
respiratory and circulatory depression due to overdose of barbiturate. At signal in upper trac- 
ing negative intrapleural pressure was turned off, and the tank respirator started with intratank 
pressures varying between o and — 20 centimeters of water. Reverse at second signal. Same in 
middle tracing showing electrically integrated mean arterial pressures. In the lower tracing, in- 
stead of using negative intratank pressure, positive pressure was applied in the airway varying 
between o and +20 centimeters of water. Note that the effect on the circulation is similar 
whether one applies positive pressure breathing by an increase in airway pressure or a decrease 
in pressure around the body. Chart speed, 1 millimeter per second. Pressure in millimeters of 
mercury at the left. (After Maloney and Whittenberger: Clinical implications of pressures used 
in the body respirator. Am. J. M. Sc., in press.) 


mean arterial pressure under the same con- 
ditions. The lower tracing was obtained a few 
minutes later, after the respirator ports were 
opened and an anesthesia machine was at- 
tached to the tracheal cannula. The effect on 
the arterial pressure is seen to be similar 
whether positive pressure is applied by in- 
creasing pressure in the airway or by decreas- 
ing pressure around the body. The slight 
quantitative difference in the result is prob- 
ably accounted for by the difficulty in pre- 
cisely imitating the tank respirator pressure 
curve when positive pressure is given by man- 
ual compression of the anesthesia bag. 
Comparison of negative intrapleural and pos- 
itive pressure breathing before, during, and after 
sympathetic blockade. To indicate the role of 
the sympathetics in maintaining the circula- 
tion during positive pressure breathing, a com- 
parison of the effect on arterial pressure of 
negative intrapleural pressure and positive 
pressure was made before, during, and after 


the administration of Nu-2222. The results 
are seen in Figure 7. In the top tracing, prior 
to the administration of the drug, alternating 
negative intrapleural pressure breathing with 
positive pressure breathing caused little change 
in arterial pressure. In A of the second trac- 
ing, the hypotensive effect of giving the drug 
is shown. Following this (B), the change in 
arterial pressure brought about by alternating 
negative intrapleural pressure with positive 
pressure is striking. Whereas previously there 
was a mean arterial pressure rise of only about 
7 millimeters of mercury during electrophrenic 
respiration (5 per cent), during full ganglionic 
block the mean arterial pressure rise during 
electrophrenic respiration was 25 to 48 milli- 
meters of mercury (an average change of 58 
per cent). Forty-five minutes later, after the 
effect of the drug had largely worn off (lower 
record), the difference again became negligible. 
During electrophrenic respiration the mean 
intrapleural pressure was —g centimeters of 
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Fig. 7. Comparison of negative intrapleural pressure and positive pressure during 
the sympathetic paralysis produced by ganglionic blockade. Joined arrows represent 
periods of positive pressure breathing. During the other periods negative intrapleural 
pressure was used. 1, Prior tosympathetic paralysis changing from negative intrapleural 
pressure to positive pressure has little effect. 24, Ganglionic blocking agent injected 
intravenously at arrow; B, same change from negative intrapleural pressure to positive 
pressure breathing now produces striking effect. 3, Continuous with 2. 4, Forty-five 
minutes later after the effect of the drug has largely worn off, changing from negative 
intrapleural pressure to positive pressure breathing has little effect. Solid black lines at 
intervals in the pressure tracing are electrically integrated means. Chart speed, 0.5 
millimeter per second. Pressure in millimeters of mercury at the left. 


water, while during positive pressure breath- 
ing it was —3 centimeters of water, a differ- 
ence of only 6 centimeters of water. 
Comparison of electrophrenic respiration and 
positive pressure breathing during ganglionic 
blockade produced by d-tubocurarine. Effect on 
reconstitution of venous gradient. The occa- 
sional fall in blood pressure that occurs after 
the administration of curare derivatives is ap- 
parently due to its ganglionic blocking action 
(3, 4). A few minutes after obtaining the 
record shown in Figure 1, enough d-tubocu- 
rarine was given to that dog to bring it almost 
to the point of respiratory paralysis (Fig. 8). 
Positive pressure breathing was then started 
with the same setting and experimental con- 


ditions that had obtained just previously (Fig. 
1). Under these circumstances, the fall in ar- 
terial pressure was appreciable and did not 
recover; further, the pulse pressure narrowed 
and remained so, whereas that had not oc- 
curred before the drug was given (Fig. 1). 
Figure 8 again demonstrates that the increased 
airway pressure associated with positive pres- 
sure breathing is in part transmitted to pleural 
structures and thereby elevates right auricular 
pressure. After curarization, however, the 
compensatory rise in peripheral venous pres- 
sure no longer occurs, thereby significantly 
diminishing the venous gradient. This is in 
contrast to what occurred prior to the admin- 
istration of curare (Fig. 1). 
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Fig. 8. Same dog as in Figure 1. D-tubocurarine given intravenously at first arrow; 
positive pressure started at second arrow. Note that after the onset of positive pressure 
breathing, central venous pressure rises but peripheral venous pressure does not rise appre- 
ciably, thereby diminishing the venous gradient. Chest speed, 2.5 millimeters per second. 
Pressure in millimeters of mercury at the left. 





Clinical studies. Available data on clinical 
material have been limited to 6 patients in 
whom only fragmentary observations were 
made. The therapeutic exigencies that occur 
when a patient is both in shock and respiratory 
paralysis limit the amount of objective data 
that can be safely gathered. The results are 
listed below. 


CAsE 1. Vasomotor collapse and apnea 48 hours 
after cerebrovascular accident. A directly recorded 
femoral arterial pressure tracing is shown in Figure 9. 
Negative intrapleural pressure breathing had been 
applied by means of a surgically implanted electrode 
on the right phrenic nerve. Within 60 seconds of 
starting positive pressure breathing with a Kreisel- 
man hand bellows resuscitator (16), the arterial pres- 
sure fell from 108/70 to 83/55. This recovered its 
previous level soon after electrophrenic respiration 
was restarted. 

CASE 2. Apnea, coma, and hypotension following 
rupture of cerebral aneurysm. While on negative intra- 
pleural pressure breathing the patient maintained an 
arterial pressure (sphygmomanometer) of 60/40 to 
25. Five minutes after being placed on positive pres- 
sure breathing the blood pressure, pulse, and apical 
heart sounds were unobtainable. On resuming nega- 
tive intrapleural pressure breathing, the blood pres- 
sure promptly returned to its previous level and 
remained there until the patient succumbed the 
next day. 

CASE 3. Apnea and coma due to brain tumor. This 
patient was given several periods of electrophrenic 
respiration alternated with periods of positive pres- 


sure breathing. The latter was administered by an 
anesthesiologist by manual compression of an anes- 
thesia bag. The inspiratory phase was limited to 
less than 50 per cent of the cycle, and the peak 
pressure was kept under 15 centimeters of water. 
An observer who was unable to see which type of 
respiration was being given made repeated obser- 
vations of arterial pressure (sphygmomanometer). 
During negative intrapleural pressure breathing the 
arterial pressure was consistently around 110/64. 
During positive pressure breathing it was unob- 
tainable. 

CasE 4. “Polyneuritis” with respiratory paralysis. 
During negative intrapleural pressure breathing the 
pulse was regular and of fairly good quality. During 
positive pressure breathing, administered by face 
mask and anesthesia bag, the pulse was irregular and 
weak, and while in the tank respirator (o to —15 cm. 
HO) it was likewise irregular and weak. 

CASE 5. Apnea and coma following skull fracture. 
Although the arterial pressure of 116/60 did not 
indicate shock, the patient’s clinical appearance sug- 
gested that it would be worthwhile to observe his 
arterial pressure during negative intrapleural pres- 
sure breathing and positive pressure breathing. No 
change occurred. 

CAsE 6. Data on this patient, who had a pro- 
gressively rising spinal anesthetic block, have been 
previously published (27). 


DISCUSSION 


The effects of positive pressure breathing on 
the circulation have been reviewed by Werk, 
and the literature in this extensive field will 
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Fig. 9. Comparison of negative intrapleural pressure breathing and positive pressure breath- 
ing in patient with moderate vasomotor collapse following cerebrovascular accident. Femoral 
arterial pressure tracing. Change from negative intrapleural pressure to positive pressure with 
hand bellows at first arrow. Reverse at the second arrow. Chart speed, 2.5 millimeters per 
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second. Pressure in millimeters of mercury at the left. 


not be treated in detail here. Several articles, 
however, are of particular interest. Barach, 
Holt (13, 14) and Otis, Rahn, and Fenn (19) 
demonstrated that in normal man a rise in 
peripheral venous pressure parallels the rise in 
intrapleural pressure during positive pressure 
breathing. Carr and Essex showed that inter- 
mittent positive pressure breathing with 20 
centimeters of water produced a deleterious 
effect on the circulation in anesthetized dogs 
that had been bled 30 cubic centimeters per 
kilogram of body weight, and that this cir- 
culatory depression could be relieved either by 
restoration of the blood volume or by stopping 
positive pleural pressure. Dern and Fenn (7) 
studied the effect of varying airway pressures 
on arterial pressure in the cat and normal man, 
and felt that changes in intrapleural pressure 
were unlikely profoundly to alter venous re- 
turn in the normal state. They anticipated, 
however, that negative intrapleural pressures 
would be likely to have a more pronounced 
influence in encouraging venous return in those 
situations. where venous return is initially de- 
fective. The above data confirm their view. 
Other investigators (2) have noted the greater 
susceptibility of shocked animals to increased 
airway pressure, but attributed it to obstruc- 
tion of the flow of blood through the lungs 
rather than the infiuence on the venous 
gradient. 

The view that the rise in peripheral venous 
pressure is important to the maintenance of 
venous return and cardiac output is confirmed 
by the data presented in the foregoing. This 
view is strengthened when it is noted that 
during positive pressure breathing the main- 
tenance of arterial pressure is accompanied by 
the maintenance of the venous gradient (Fig. 


1). However, during ganglionic blockade, the 
mean arterial pressure fell and did not recover 
its original level (Figs. 7 and 8). During this 
period, reconstitution of the venous gradient 
was significantly less than what had occurred 
previously. 

The striking difference in the arterial pres- 
sure response to positive pressure breathing 
during ganglionic blockade as compared to 
normal (Fig. 7) furnishes convincing evidence 
of the role played by the sympathetics in re- 
constituting the venous gradient when the 
central venous pressure is raised as in positive 
pressure breathing. This confirms previous 
data obtained during the sympathetic block- 
ade of high spinal anesthesia in the dog and 
man (27). 

A proportionality between the amount of 
positive pressure applied and the resultant 
depressant effect was previously established 
in the dog during high spinal anesthesia (27). 
That this relationship holds true during hem- 
orrhagic shock is suggested by the foregoing 
data as well as other data not presented. This 
matter is of some clinical importance in the 
emergency situation. For, when one encoun- 
ters an apneic, cyanotic patient, prompt and 
vigorous ventilation is desirable in the initial 
period that follows the onset of artificial res- 
piration. The more the ventilation that is 
required during positive pressure breathing, 
the higher the applied mean pressure must be. 
On the contrary, when negative intrapleural 
pressure is used, the more vigorously one ven- 
tilates the patient, the lower the mean intra- 
thoracic pressure becomes. The difference in 
their effects on the circulation might, there- 
fore, be reasonably expected to be more pro- 
nounced under these circumstances. 
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The core of the situation would seem to be 
that reconstitution of the venous gradient is 
essential to maintaining an adequate circula- 
tion when positive pressure is applied. That 
this compensatory mechanism is dependent 
upon sympathetic pathways acting on a rea- 
sonably normal blood volume is strongly sug- 
gested by failure of compensation (a) when the 
sympathetics are blocked, or (b) when the 
sympathetics are already maximally or almost 
maximally activated, thus leaving little re- 
serve activity as in hemorrhagic shock. In the 
presence of circulatory embarrassment, there- 
fore, small increases in mean intrapleural pres- 
sure can have a profoundly deleterious effect 
on the circulation. 

Suggestive evidence concerning the means 
by which the venous gradient and arterial 
pressure are maintained during positive pres- 
sure breathing is to be found in the work of 
Fenn and Chadwick (10) and Fenn, Otis, 
Rahn, Chadwick, and Hegnauer (11). The 
former demonstrated that the onset of positive 
pressure breathing is accompanied by periph- 
eral vasoconstriction. The latter investiga- 
tors demonstrated a shift of blood from the 
pulmonary to the peripheral circulation with 
an increase in the volume of the peripheral 
venous bed. 

Patients with bulbar poliomyelitis, whose 
co-ordination with the tank respirator is often 
difficult or impossible, are occasionally given 
curare by some clinicians in order to abolish 
their conflicting irregular spontaneous breath- 
ing. In this connection it should be remem- 
bered that negative intratank pressure is the 
same as positive pressure over the airway in 
terms of its effect on the circulation, and that 
circumspect analysis of the circulation should 
be made before this maneuver is employed. 
This is especially true if there is an appreciable 
vasomotor component present in the bulbar 
involvement. 

The mechanism of increased circulatory sus- 
ceptibility to positive pressure breathing dur- 
ing barbiturate poisoning is not clearly under- 
stood, but is presumably due to a diminished 
compensatory reaction to the hypotensive 
state. Heymans demonstrated that the pres- 
sor response to carotid sinus stimulation is 
significantly diminished by sodium pentobar- 


bital. In view of the foregoing data, it would 
seem reasonable that the use of intermittent 
negative intrapleural pressure rather than in- 
termittent positive pressure would be prefer- 
able as a means of producing respiration under 
these circumstances. 

The problem of feasibility is important to 
the evaluation of any method of artificial res 
piration. In particular, the problem of whether 
negative intrapleural pressure breathing (elec 
trophrenic respiration) has any significant 
area of clinical usefulness revolves not around 
the question of whether or not it has physio- 
logical advantages over other methods, for 
these seem quite apparent. Rather, it 
revolves around whether or not, with prac- 
tice, the motor point of the phrenic nerve 
can be promptly located. This matter is the 
subject of a separate communication (24, 29). 

When the circulation has been experimen- 
tally compromised to a severe extent (systolic 
arterial pressure below 40 to 50 mm. Hg), and 
especially if this state has been allowed to exist 
for a significant period of time, the metabolic 
support of the diaphragm may be defective 
enough to preclude adequate ventilation when 
electrical stimulation is applied. Although no 
evidence is at hand on which to make a deci- 
sion, it seems unlikely that such a seriously 
shocked organism would be saved in any case. 
In such preparations, infusion of sufficient 
blood to restore circulating blood volume tem- 
porarily results in the resumption of an ade- 
quate diaphragmatic response. 

Of only incidental importance to the con- 
cepts herein presented is a matter which may, 
however, have considerable practical impor- 
tance. That is, positive pressure applied by 
face mask and hand bellows or anesthesia bag 
may cause gastrointestinal distention with its 
various undesirable reflex and circulatory con- 
comitants. This does not occur with electro- 
phrenic respiration. 


SUMMARY AND CONCLUSIONS 


1. As previously shown by others, the mean 
intrapleural pressure is important in relation 
to venous return and cardiac output. An ele- 
vation in the central venous pressure brought 
about by positive pressure is compensated for 
by an elevation of peripheral venous pressure 
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which thereby reconstitutes the venous gradi- 
ent in the normal organism. 

2. When the capacity for reconstituting the 
venous gradient is impaired either by hemor- 
rhagic shock or by sympathetic inhibition, 
positive pressure produces a significant dele- 
terious effect on the circulation in terms of a 
lowered arterial pressure and a diminution in 
cardiac output. 

3. This is true whether the positive pressure 
is applied by intermittent manual compression 
of an anesthesia bag, a mechanical device for 
intermittently increasing airway pressure, or 
by intermittent negative intratank pressure in 
a body respirator. 

4. D-tubocurarine may impair reconstitu- 
tion of the venous gradient during positive 
pressure breathing and should, therefore, be 
used cautiously in patients with an impaired 
circulation when positive pressure by any 
means is to be used. 

5. Positive pressure is an effective and safe 
means of producing artificial respiration only 
if a reasonably accurate estimate of the cir- 
culatory status can be made prior to its use. 

6. Negative intrapleural pressure, by lower- 
ing mean intrapleural pressure and encourag- 
ing venous return, is similar to normal breath- 
ing in terms of intrathoracic dynamics and its 
effect on the circulation. When compared to 
positive pressure during circulatory depres- 
sion, negative intrapleural pressure has been 
shown to elevate arterial pressure and cardiac 
output in the anesthetized dog. 

7. A small amount of suggestive evidence 
has been obtained which indicates that the 
conclusions derived from the data in dogs 
probably also apply to certain clinical situ- 
ations in which it is necessary to administer 
artificial respiration. 

8. The value of a therapeutic maneuver is 
most profitably examined against the back- 
ground of that portion of the physiological 
spectrum in which it is likely to be used. 
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CLINICAL AND EXPERIMENTAL STUDIES IN THE USE 
OF A WATER-SOLUBLE AGENT FOR BRONCHOGRAPHY 


MORDANT E. PECK, M.D., F.A.C.S., A. J. NEERKEN, M.D., and 
EMANUEL SALZMAN, M.D., Denver, Colorado 


HE place of bronchography in the 
diagnosis of thoracic disease is now 
well established and its expanding in- 
dications and uses are well known. 
The history of progress with this procedure 
has hardly kept pace with the improvements 
of other ancillary diagnostic methods. Cheva- 
lier Jackson in 1905, by insufflation with bis- 
muth oxide, was the first to outline the tracheo- 
bronchial tree successfully. Numerous other 
attempts were made in subsequent years to 
obtain bronchograms by using a suspension of 
iodoform (15), or of bismuth subcarbonate in 
olive oil (19). Some of these procedures met 
with a high mortality and could not be con- 
sidered generally encouraging. The idea of 
bronchography first became established as a 
practical adjunct to diagnosis in 1922 when 
Forestier introduced the use of lipiodol (6, 7). 
Since that time there has been little added to 
our armamentarium relative to the broncho- 
graphic media utilized in this procedure. 
Lipiodol is composed of 40 per cent iodine 
in poppyseed oil, the halogen being so firmly 
bound in the resulting compound that it can- 
not be detected by ordinary chemical tests. 
It is not significantly absorbed by the lung. 
Ordinarily the majority of this material is 
coughed out; and oil droplets have been de- 
tected in the sputum for weeks after bron- 
chography. Some, however, gets into the 
alveoli and remains. The continued presence 
of such densities is a deterrent to future diag- 
nosis and x-ray evaluation of the patient’s 
pulmonary status. The fact that the retained 
lipiodol is a diagnostic disadvantage has been 
evidenced by the reports of erroneously diag- 
nosed bronchopneumonia (16), tuberculosis, 
bronchiectasis, pulmonary fibrosis, calcified 
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lymph nodes, and calcification of the pleura 
(1). 

There are also certain inherent dangers as- 
sociated with reactions to the injected mate- 
rial (18). These are essentially of three types. 
The first is a rather minor reaction manifested 
by coryza, lacrimation, swelling of the salivary 
glands, and sometimes skin eruptions. It is 
generally attributed to the breakdown of 
swallowed oil in the intestinal tract with the 
subsequent absorption of iodine. These symp- 
toms will subside after a short period and are 
of no consequence. The second type of reac- 
tion is manifested by purpura, a hemorrhagic 
rash, and generalized edema. It usually re- 
sults in a respiratory death from pulmonary 
edema several days after onset. The third 
type is typical of an anaphylactic reaction and 
is likewise generally fatal, but characteristi- 
cally, very shortly after the intrabronchial in- 
jection. Lipiodol has also recently been re- 
ported to be the cause of a delayed pneu- 
monia (2). 

In the past, several attempts have been 
made to devise another radiopaque material 
which is water-soluble. Ideally, such an agent 
should be viscous, capable of mixing freely 
with body fluids, stable, readily absorbed from 
the organs visualized, nonirritating, and in- 
capable of producing significant abnormalities 
in the tissues with which it comes in contact. 

Recently there appeared in the Swedish 
literature, reports of a new agent which at- 
tempts to fulfill these requirements (8, 17). 
It is made up of umbradil, an aqueous contrast 
medium in an aqueous solution of sodium car- 
boxymethylcellulose. It has been studied ex- 
perimentally in animals and man without 
untoward effects. A similar material has also 
been produced by the Swiss, but with glycol- 
methylcellulose as the base. We have also 
been carrying out experiments in an attempt 
to find a solution that would meet our ideal 
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Fig. 1. Case 1. Before bronchography. Fig. 2. Same patient after bronchography. 





Fig. 3. Same patient, 1 hour later. Media largely dis- 
appeared. 


Fig. 4. Same patient, 24 hours later; no evidence of 
media. 
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Fig. 5. Case 2. Oval cavity at apex of right lower lobe 
and linear densities at both bases. 


requirements for such an agent. Initially, we 
utilized pectin in combination with diodrast. 
This proved unsatisfactory because of its low 
pu and its tendency to liberate free iodine from 
the diodrast, even though buffered. We then 
learned that pure methylcellulose, which is a 
synthetic macromolecular carbohydrate with 
a molecular weight of approximately 50,000, 
had been extensively studied during the war 
as a blood substitute (10). Hueper studied 
the effects of methylcellulose when given by 
vein to experimental animals over a prolonged 
period of time. At autopsy these animals 
showed evidence of retention of methylcellu- 
lose throughout the reticuloendothelial sys- 
tem (9, 11). Experimental and clinical studies 
indicated that these macromolecular deposits 
are slowly removed unless they become so ex- 
tensive as to interfere with the vital activity 
of the organ affected (4). Such removal takes 
place through the kidney; and there are indi- 
cations that the intestinal and bronchial mu- 
cosa may take part in the process. Methyl- 
cellulose has been given by mouth for extended 
periods in both man and animals without any 
evidence of toxicity (3). It was this material 
which we found to give an ideal consistency 
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Fig. 6. Roentgenogram of the same patient at same 
time as Figure 5. 


for bronchographic study when made up in a 
1.75 per cent solution of methylcellulose in 50 
per cent diodrast (14).! Initially, a series of 
experiments were carried out upon guinea 
pigs. Following injection of the material in- 
tratracheally, the animals were killed in pro- 
gressive intervals from 3 hours to 4 weeks. 
At autopsy no gross abnormalities were noted 
other than an occasional animal with a small 
focal area of atelectasis. Microscopically there 
were no significant abnormalities observed. 


1A sterile 50 per cent diodrast solution in a 1.75 per cent methyl- 
cel base has been prepared by Mr. Samuel Kohan (chief pharma- 
cist, Department of Pharmacy, Denver General Hospital), as 
follows: 

1. Heat 25 c.c. of distilled water to boiling and add 1.23 gm. 
of methylcel (pharmaceutical grade 4000 cps). Stir well until 
thoroughly wetted and allow to stand % hour (25 c.c. of water is 
used in order to allow for loss in volume by evaporation during 
sterilization). Do not allow to stand for more than % hour as a 
— form- which will not easily dissolve as the diodrast is 
added. 

2. At the end of % hour add 50 c.c. of 70 per cent diodrast 
which has been previously chilled to 5°C. Add the diodrast 
slowly with stirring. 

3. Chill in a refrigerator at approximately 5 to 10°C. for at 
least 2 hours, stirring gently at 4% hour intervals. 

4. Transfer to a serum vial of about too c.c. capacity, or divide 
equally between two 50 c.c. vials and sterilize in boiling water for 
one hour. 

5. Upon completion of sterilization, replace in a refrigerator 
at 5 to 10°C. for at least 3 hours. Shake gently from time to time 
to assist the solution of the gel which has been formed. At the 
end of the specified time a clear product should result, which may 
be stored at room temperature. 
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Fig. 7. Fig. 8. 





Fig. 9. Fig. 10. 
Figs. 7, 8, and 9. Bilateral lower lobe bronchiectasis Fig. 10. Same patient in decubitus position 24 hours 
and small infiltration in left upper lobe in. oblique film. after bronchography. 


Consequently, we undertook an expanded longed periods and subjected to postmortem 
study in a series of dogs. examination at varying intervals following the 

The first group of animals studied were given last injection. There was a high incidence of 
multiple intratracheal injections over pro- bronchopneumonia in these dogs. We were 
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unable to explain this occurrence on the basis 
of the methylcel-diodrast mixture alone, and 
felt that the use of nembutal anesthesia, with 
its subsequent prolonged reflex inhibition, 
might be a precipitating cause of the broncho- 
pneumonia; particularly so since the animals 
that came to autopsy at prolonged intervals 
following the last injection, were unaffected. 
We therefore repeated the study on 10 dogs 
in which sodium pentothal was utilized as the 
anesthetic agent. All of these dogs were sub- 
jected to autopsy 48 to 72 hours following a 
single injection. The result of this experiment 
was much more encouraging, but 2 dogs still 
showed gross and microscopic evidence of 
bronchopneumonia. 

It is difficult to compare the tracheobron- 
chial physiology in the dog with that of the 
human, consequently we injected 6 animals 
with iodochlorol, a preparation similar to 
lipiodol, which was in routine use for bron- 
chography in our medical center hospitals. Of 
the 6 animals so injected, 3 developed frank 
bronchopneumonia and the 3 remaining had 
evidence of peribronchial infiltration. As a 
result, we felt safe to proceed with a clinical 
investigation of the methylcel-diodrast mix- 
ture. This study is still under way and we can 
only report on the initial, very encouraging 
success. 

We have not yet observed any allergic reac- 
tions to the use of this material experimentally 
or clinically, although our observations are not 
extensive enough to draw any broad general- 
izations. It has been the practice, prior to 
bronchography, to perform a skin test with 
diodrast in an attempt to rule out sensitivity 
to this portion of the compound. One patient, 
who responded with a positive skin reaction to 
the diodrast, was not subjected to bronchogra- 
phy with this material. 

Bronchograms obtained with the methylcel- 
diodrast mixture differ in some respects from 
those obtained with lipiodol. The material 
tends to adhere to the bronchial mucosa so 
there results a visualization of the bronchial 
tree largely in mucosal relief. The advantage 
is that small filling defects which might not be 
observed by the complete filling commonly 
occurring with iodized oil may be more readily 
detected. This water-soluble contrast medium 
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Fig. 11. Case 3. Diffuse increase in bronchovascular 
markings in both lower lung fields. 


mixes readily with bronchial secretions, and 
thereby outlines partially filled bronchiectatic 
areas. In contrast, iodized oil will frequently 
separate into droplets, and an incomplete 
visualization of involved bronchi results. Since 
the diodrast is rapidly absorbed, films must be 
made within 2 to 3 minutes after instillation of 
the diodrast mixture. Films made after a 
longer interval appear blurred. The use of 
iodized oil permits a longer interval between 
the instillation and the exposure of films. 
However, experience with the water-soluble 
agent has led us to the opinion that after once 
becoming accustomed to the medium, a greater 
amount of information can be obtained than 
is the case with the generally used lipiodol. 
Our initial results have been so satisfactory 
that we are now using this solution routinely 
in bronchographic studies. The following 3 
cases, with their accompanying x-ray pictures, 
will serve to illustrate the usefulness of this 
media: 


CasE 1. In L. C., a 43 year old male, the x-ray 
pictures showed an infiltration in the right upper 
lobe consistent with pneumonia. Sputum cultures 
revealed hemolytic streptococcus and Diplococcus 
pneumoniae. Treatment with penicillin and sub- 
sequently with streptomycin failed to bring about 
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Fig. 14. 


Fig. 15. 


Figs. 12 to 15. Marked cylindrical bronchiectasis of lower lobe bronchi; no involvement of lingula or right middle lobe. 
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Flat film of abdomen 1 hour after bron- 


Fig. 16. 
chography. 


complete resolution of the process (Fig. 1). Bron- 
chography was performed (Fig. 2), and showed 
crowding of the upper lobe bronchi consistent with 
the presence of a lung abscess. One hour later the 
bronchographic media had largely disappeared (Fig. 
3). Twenty-four hours later no evidence of it re- 
mained (Fig. 4). Lobectomy subsequently substanti- 
ated the diagnosis. 

CasE 2. LeR. M., a 31 year old male, gave a long 
history of repeated bouts of pneumonia beginning in 
1919. Prior to admission he fell, fracturing a rib on 
the right side. X-ray studies (Figs. 5 and 6) re- 
vealed also an oval cavity at the apex of the right 
lower lobe, and linear densities at both bases. Spu- 
tum studies were positive for acid-fast bacilli. Bron- 
chography (Figs. 7, 8, and 9) showed, in addition to 
extensive, bilateral, lower lobe bronchiectasis, a 
small infiltration (previously missed) in the left up- 
per lobe on the oblique film (Fig. 7). 


Demonstration of this lesion altered con- 
siderably the recommended treatment, but 
more particularly, our use of a water-soluble, 
absorbable, bronchographic media will con- 
siderably facilitate the future follow-up and 
care of this patient. A decubitus film (Fig. 
10), taken 24 hours after bronchography, 
shows the upper lobe lesion as well as the dis- 
appearance of the medium from the lung 
parenchyma. 
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Fig. 17. Roentgenogram showing the condition of lungs 
24 hours later. 


CasE 3. P.P., a 28 year old male, had a chronic 
cough productive of several tablespoons of greenish 
sputum a day. He had previously spent 4 years in a 
tuberculosis sanitarium, although the diagnosis had 
never been substantiated by the presence of acid-fast 
bacilli. X-ray examination revealed a diffuse in- 
crease in the bronchovascular ‘markings in both 
lower lung fields (Fig. 11). Bronchography showed a 
marked cylindrical bronchiectasis of the lower lobe 
bronchi (Figs. 12, 13, 14, and 15) without involve- 
ment of the lingula or the right middle lobe. An in- 
teresting finding was the anomalous origin of the 
segmental bronchus to the apical division. A flat film 
of the abdomen, taken 1 hour after bronchography 
(Fig. 16), reveals the rapid absorption of the radio- 
paque material by demonstrating the bladder filled 
with excreted diodrast. The accompanying chest 
film (Fig. 17) reveals the condition of the lungs 24 
hours later. 

SUMMARY 


We have presented a clinical and experi- 
mental study of the use of a new broncho- 
graphic medium. It is felt that this material 
has several advantages over lipiodol, chief 
among which is its water-soluble base and its 
rapid disappearance from the lung tissue, 
making x-ray studies in the period following 
bronchography more satisfactory. We believe 
that this material fits the requirements of a 
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satisfactory bronchographic agent. 
clinical study to substantiate the initial and 
promising results is now under way. 
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Further 
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CONGENITAL ARTERIOVENOUS AND 
CIRSOID ANEURYSMS 


HERBERT ID. ADAMS, M.D., F.A.C.S., Boston, Massachusetts 


BNORMAL arteriovenous communica- 
tions are serious vascular lesions pro- 
ducing profound local and general 
physiologic circulatory effects. In 

addition to their clinical significance, these 
vascular lesions are equally important sur- 
gically since there is no other effective form of 
treatment and the surgical management of 
many of these lesions is often difficult and ex- 
tremely hazardous. William Hunter, in 1757, 
was the first to recognize an arteriovenous 
aneurysm as a direct communication between 
artery and vein, and Dupuytren, Bramann, 
Matas, Halsted, Reid, Pemberton, Holman, 
as well as others have made valuable con- 
tributions relative to the nature and the sur- 
gical management of these interesting vascu- 
lar lesions. 

There are two distinct types of arteriove- 
nous aneurysms, the acquired or traumatic, 
and the congenital. The significant difference 
between these two types lies in the fact that 
in the acquired type there is usually a distinct 
history of a penetrating wound and the result- 
ing communication between the artery and 
vein involved is usually single and relatively 
large. In the congenital lesions, on the other 
hand, there is no history of antecedent trauma 
and the arteriovenous communications are 
most often multiple and of small caliber. In 
addition, the congenital lesions may be pres- 
ent for many years before symptoms develop, 
which probably represent a certain stage in the 
progressive enlargement of the original, ex- 
tremely small communications. The more 
localized congenital lesions have been classified 
in this study as congenital arteriovenous an- 
eurysms and the more diffuse hemangioma- 
like lesions are classified as cirsoid aneurysms. 
There is, however, no known significant patho- 
logic difference between these two types of 
congenital lesions and this is, therefore, a 
purely descriptive classification. 

From the Department of Surgery, The Lahey Clinic. 


I have previously published’ some of my 
experiences with arteriovenous aneurysms of 
traumatic origin and I will not discuss this 
type further other than to say, in passing, that 











TABLE I.—CONGENITAL ARTERIOVENOUS AND 
CIRSOID ANEURYSMS, 22 CASES 
Case Anatomical Type of operation 
No. location 





Head and neck 





I Scalp, forehead, eye} Multiple staged excision 


2 




















Forehead, nose 


| . . . . 
Ligation of right common carotid artery 





























3 Neck Excision, carotid-jugular aneurysm 

4 | Neck Excision, ligation of lingual artery 

5 | Neck Excision, carotid-jugular aneurysm 

6 | Neck | Excision, superior thyroid arteriovenous 

aneurysm 
7 Scalp Excision, one stage 
Upper extremity 
8 | Right hand | Excision, one stage 
9 | Left palm | Excision, one stage 





Right forearm 


| Excision, one stage 





Right hand 


| Excision, one stage 





Right upper arm 


| Excision, one stage 





Lower extremity 





Left upper thigh and 
uttock 





Ligation of femoral profunda artery and 
internal iliac artery 





| Left buttock 


Ligation of internal iliac artery; excision 
as second stage 





Left upper thigh 


Excision, one stage 





| Right buttock 


Ligation of internal iliac artery and pro- 
funda of femoral artery 





Right foot 


Excision, one stage 





Right lower leg 


Excision, one stage 





Popliteal 


Excision, one stage 





Visceral 





20 


Pancreas, duode- 
num, stomach 


Resection, two stages 





2I 


Spleen 


Splenectomy 





22 





Right kidney 





Nephrectomy 





1Apams, H. D. Arterial injuries of thorax. J. Thorac. Surg., 


1946, 
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Fig. 1. Arteriogram showing arteriovenous aneurysm 
and communications between brachial artery and vein. 


the technical management of some of the more 
proximally located traumatic arteriovenous 
aneurysms may be one of the most hazardous 
surgical procedures that we undertake today. 
Certainly, surgical experience gained with 
either type will be helpful in the management 
of the other type. 

I wish to present a group of 22 cases of con- 
genital arteriovenous and cirsoid aneurysms 
in widely diversified areas of the body and 
give our surgical experiences with them (Table 
I). 

The general clinical features of these con- 
genital lesions are most interesting. In the 
majority of cases the development and the 
progression of the lesion are extremely slow, 
usually years. Eventually, however, they 
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Fig. 2. Femoral arteriovenous aneurysm showing re- 
quired wide exposure and control of femoral vessels both 
proximal and distal to the lesion. 


show all of the classical findings, both local 
and general, that are common with these 
lesions. Locally, they exhibit palpable and 
often visible venous pulsation, either visible 
superficially or when exposed surgically; a 
palpable thrill and an audible bruit continuous 
throughout the cardiac cycle, and finally, the 
more distant circulatory effects of cardiac 
hypertrophy and eventually cardiac decom- 
pensation. 
Some of these lesions have been so localized 
and small that none of these general circula- 
tory effects have been present, and the diag- 
nosis has been made purely on the presence of 
the characteristic bruit. This characteristic 
bruit is the one constant diagnostic finding 
in these cases and it is, therefore, important 
to listen with a stethoscope routinely over all 
vascular lesions of this sort. Other diagnostic 
aids that are often possible are the demon- 
stration of an elevation of venous pressure, 
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Fig. 3. Carotid-jugular arteriovenous aneurysm, showing surgical approach and 


exposure. 


an elevation of oxygen content of the venous 
blood, and, thirdly, angiography with roent- 
genologic evidence of an arteriovenous shunt 
(Fig. 1). This latter roentgenologic study, 
however, is rarely absolutely necessary for 
diagnosis and is, therefore, done infrequently. 

The treatment of these vascular lesions has 
varied considerably with the extent and loca- 





tion of the lesion. We have seen several chil- 
dren who have cirsoid aneurysms of the lower 
extremities with extensive involvement of the 
entire leg and with obviously multiple, very 
small arteriovenous communications, with in- 
creased venous pressure.and oxygen content 
of the venous blood, and associated hyper- 
trophy and greater length of the leg, but with- 
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Fig. 4. Carotid-jugular arteriovenous aneurysm (see Fig. 3), showing resection. 
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Fig. 5. Renal arteriovenous aneurysm, showing expo- 
sure at operation. 


out any distant cardiac effects. An amputation 
at the level of the groin would be the only pos- 
sible way of eliminating such a lesion. We have 
elected to do nothing surgically in these cases 
and to keep the patients under observation 
for the development of any general circulatory 
effects before recommending such radical 
surgery. 

Some cases of cirsoid aneurysms have been 
handled by single or multiple stage local exci- 
sions. We have had 1 case of cirsoid aneurysm 
of the scalp and forehead, with deeper in- 
volvement as well, in which the aneurysm has 
been partially removed on 3 different occa- 
sions, some years apart, whenever the recur- 
rent lesion has become very large, unsightly 
and distressing to the patient. This has been 
a hazardous procedure because of blood loss, 
since clamping, tying, or electrocoagulation 
did not control the bleeding in this type of 
friable tissue, and excision could be accom- 
plished only by excising a few centimeters at 
a time and closing the soft tissues at the same 
time with through-and-through mattress su- 
tures. 

A third group has been managed by simple 
ligation of the arterial trunk associated with 
the lesion, such as the internal iliac artery for 
a gluteal lesion and a femoral profunda artery 
for a posterior, upper thigh lesion. Simple, 





Fig. 6. Renal arteriovenous aneurysm; pathologic speci- 
men removed at operation. 


proximal arterial ligation of this type will 
cause a temporary regression and control the 
lesion, but it will recur in a matter of a few 
months. In 1 of the gluteal lesions in which a 
simple arterial ligation was done, at the first 
signs of recurrence, sclerosing injections were 
tried, again with only the most transitory 
beneficial effect. 

The treatment of choice is surgical extirpa- 
tion of the lesion. As already stated, this is 
not always safe or possible, or may necessitate 
a staged procedure. In the lesions that are 
located peripherally in the extremities and 
permit the use of a tourniquet, a precise exci- 
sion can be done with relative ease and com- 
plete safety. In the more proximally located 
lesions, such as the neck, thigh, and buttock, 
it is absolutely essential that the major artery 
and vein involved be isolated and controlled 
at a safe distance, both proximal and distal to 
the lesion, before making any effort to remove 
the lesion itself (Figs. 2, 3, and 4). In the 
gluteal lesions we have preferred to ligate the 
internal iliac artery transperitoneally as a pre- 
liminary and separate stage, several days be- 
fore resecting the gluteal lesion. The second 
stage of excision is a long, difficult procedure 
requiring many hundreds of ligatures. 

Congenital arteriovenous aneurysms may 
also occur in the viscera. We have seen these 
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lesions in the stomach, duodenum, pancreas, 
spleen, lung, and kidney. In these cases an 
associated hemorrhage has been a common 
presenting symptom. In addition, the cardiac 
effects have also been prominent. Exsangui- 
nating hemorrhages and a damaged heart have 
made these cases serious surgical risks. Re- 
section of the organ involved is mandatory to 
save these patients and unusual care must be 
taken in the surgical approach and the control 
of the blood supply to the organ at a safe 
distance before any attempt to mobilize either 


the lesion or organ in question (Figs. 5 and 
6). Congenital arteriovenous aneurysms and 
cirsoid aneurysms should be resected when- 
ever technically possible in order to obtain the 
highest percentage of permanent cures. Safety 
factors, such as staging, complete control of 
the major blood supply at all times, as well 
as the most painstaking hemostasis during 
the protracted actual excision of the larger 
lesions, will make it possible to cure these pa- 
tients of their serious vascular lesions without 
prohibitive risk and mortality. 








A DIAGONAL INCISION FOR THE UPPER ABDOMEN 


J. C. THOMAS ROGERS, M.D., F.A.C.S., Urbana, Illinois 


HE location and direction of the in- 

cision in any surgical operation should 

be chosen best to enable the surgeon 

to perform the necessary operation 
and simultaneously insure prompt and sound 
wound healing. 

The most satisfactory incision for gastric 
resection would permit thorough inspection of 
the stomach and adjacent structures and 
would allow any appropriate operative pro- 
cedure to be carried out. Such an incision 
through the abdominal wall should afford ade- 
quate exposure of two relatively fixed points, 
namely, the proximal portion of the duodenum 
and the distal end of the esophagus. An inci- 
sion which extends from near the medial ex- 
tremity of the left costal margin downward 
and obliquely to the right, to a point directly 
over the first part of the duodenum fulfills 
these requirements (Fig. 1). 

Epigastric incisions for surgical procedures 
involving the stomach have generally been of 
four types. A left vertical transrectus, the 
most commonly employed incision, is located 
a centimeter or two to the left of the midline 
and extends from near the left costal arch to 
or below the level of the umbilicus. Usually 
anticipation of partial or total gastrectomy 
or vagotomy suggests such an incision. The 
midline approach customarily extends from 
the region of the ensiform process of the ster- 
num to the umbilicus. A right vertical trans- 
rectus incision is most often employed when 
gastroenterostomy only is planned. The trans- 
verse incision may transect totally or partially 
both rectus muscles at a level from 4 to 6 
centimeters above the umbilicus. The respec- 
tive advantages and limitations of these inci- 
sions are well known to general surgeons. 

Embryologically, the gastrointestinal tract 
develops in such a manner as to establish cer- 
tain relatively fixed points along its course. In 
the upper abdomen the gastroesophageal 


From the Department of Surgery, Carle Memorial Hospital 
and Carle Hospital Clinic, Urbana, Illinois. 


junction and the first part of the duodenum 
falls into such a category. This fact is of par- 
ticular and practical importance to the gastric 
surgeon. 

Data relative to the anatomical location of 
the gastroesophageal junction and the first part 
of the duodenum were obtained by means of 
radiography. A variety of body types were rep- 
resented in the 50 patients selected for study. 
These patients undergoing routine gastroin- 
testinal x-ray examinations were placed in the 
supine position after swallowing the contrast 
media. With the spine as the basic landmark, 
measurements were then taken from the roent- 
genograms of the patients thus positioned. 
Determinations were made between the end 
of the esophagus and the duodenal cap. The 
distances between the midline and the gastro- 
esophageal junction, and the midline and the 
first part of the duodenum were ascertained. 
The vertebral levels relative to these respec- 
tive points were also noted. 

In the typically mesomorphic individual the 
gastroesophageal junction lay at the level of 
the body of the tenth dorsal vertebra and 4 
centimeters left of the midline (Fig. 2). The 
first part of the duodenum was 6 centimeters 
right of the midline and at the level of the 
lower border of the eleventh dorsal vertebra. 
The measured distance between the gastro- 
esophageal junction and the first part of the 
duodenum was 11 centimeters. 

The measurements in the ectomorph were 
12.5 centimeters for the diagonal between the 
gastric end of the esophagus and the duode- 
num (Fig. 3). The gastroesophageal junction 
was at the eleventh dorsal and 4.5 centimeters 
left of the midline. The duodenum was at the 
second lumbar level and 4.5 centimeters to the 
right of the midline. 

The patient of average body build showed 
no variations exceeding those of the extremes 
—mesomorphs and ectomorphs (Fig. 4). The 
average distance between the gastric end of 
the esophagus and the proximal duodenum 
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Fig. 1. Line of incision in relation to upper abdominal 
landmarks. 


was 11 centimeters. The gastroesophageal 
area was in no instance higher than the tenth 
dorsal vertebra or farther to the left of the 
midline than 5 centimeters. The duodenum 
was more constantly at the second lumbar 
level and at a maximum of 7.8 centimeters 
right of the midline. 

With the exception of 2 cases, an unselected 
sampling of the 50 roentgenograms revealed a 
remarkable consistency in the direction and 





Fig. 2. Roentgenogram illustrating heavy thick body 
type. Note relation of gastric extremities to spine. 





Fig. 3. Roentgenogram illustrating the tall slender body 
type. 
position of the measurements. The broken 
line represents the data on the original case 
showing the gastroesophageal junction at the 
level of the eleventh dorsal vertebra and 4 
centimeters to the left of the midline and the 
first part of the duodenum at the first lumbar 
and approximately 5 centimeters to the right. 
The uppermost solid line is of a patient 4 feet, 
8 inches tall, weighing 210 pounds. The lower- 
most line is the second selected case which is 





Fig. 4. Roentgenogram illustrating the average body 
type. 
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Fig. 5. Scatter graph of a sampling of the 50 roent- 
genograms showing consistency in direction and position 
of measurements. 


of the most extreme ectomorphic patient in the 
series. He was 6 feet, 4 inches tall, and 
weighed 147 pounds. 

It is therefore advantageous to make the 
mural incision for the stomach approach in a 
line which overlies the shortest distance be- 
tween the first part of the duodenum and the 
site at which the esophagus joins the stomach 
or as close to that point as possible (Fig. 1). 
Such an incision extends from a point on the 
left costal margin 3 to 5 centimeters from the 
ensiform process, downward and to the right, 
over the estimated site of the duodenum. The 
medial one-third of the fibers of the left rectus 
muscle and those of the entire right rectus 
muscle are transected. The falciform ligament 
is severed and the cut ends ligated. The 
wound may be from 15 to 20 centimeters in 
length. It is never necessary nor is it advis- 
able to extend the wound beyond the lateral 
border of the right rectus muscle because of 
possible injury to nerves supplying that 
structure. 
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The gastroesophageal junction lies directly 
interior to the upper extremity of the incision 
and the duodenopyloric junction is easily 
visible in the lower right lateral portion of the 
wound. As the greater curvature of the stom- 
ach is freed of its gastrocolic attachment, 
mobilization is facilitated upward or down- 
ward about the “axis” between the fixed 
points, the duodenum and the gastroesopha- 
geal junction. The higher the sectioning of 
the gastrocolic omentum the more mobile will 
be the stomach on its ‘“‘axis.”” The degree of 
the mobility of the stomach on its axis is 
dependent predominantly upon the extent 
to which the greater gastric curvature has 
been freed. 

The duodenum and head of the pancreas are 
easily accessible for any type of tedious surgi- 
cal maneuvering. Thorough exposure in many 
duodenal ulcer cases is paramount to success- 
ful treatment of the duodenal stump. After 
liberation of the pylorus and the lesser curva- 
ture, the stomach may be elevated into the 
wound giving easy access to the left gastric 
vessels. The resection may then proceed ac- 
cording to the surgeon’s choice of method. 
Should drainage be desired it may be estab- 
lished through the midline or the right angle 
of the wound. Stab wounds may also be made 
at strategic points. 

Experience with use of the described inci- 
sion has consistently supported the original 
concept as to its technical soundness. It pro- 
vides maximum exposure simultaneously of 
the two key points, the gastroesophageal junc- 
tion and the proximal duodenum. It is ana- 
tomically sound in that the seventh, eighth, 
and ninth intercostal nerves supplying the up- 
per segments of the right rectus muscle are 
essentially uncompromised. Ambulation pro- 
ceeds as usual and wounds heal uniformly 
without appreciable delay. Postoperative 
wound pain and discomfort are minimal. The 
incision is versatile in that it may be extended 
either paramedially or in the midline should 
more extensive lower abdominal exploration 
be necessary. The approach is satisfactory in 
all body types but is especially adaptable to 
the mesomorphic patients. 
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THE CURE OF VESICAL NECK OBSTRUCTIONS 
DUE TO HYPERTROPHY OF THE INTER- 
URETERIC RIDGE IN THE MALE 


OSWALD SWINNEY LOWSLEY, M.D., F.A.C.S., New York, New York, and 
ENRIQUE PORRAS, M.D., Managua, Nicaragua 


HERE are many causes of obstruc- 

tion to the outflow of urine from the 

bladder. The most common are the 

various enlargements of the prostate 
gland, namely, subcervical group enlarge- 
ments, true middle lobe enlargements, and 
lateral lobe enlargements, either benign or 
malignant. Occasionally tumors will obstruct 
the vesical orifice, and in rare cases uretero- 
celes have been known to be responsible. There 
are, in addition, certain types of diverticula 
of the bladder which will greatly impede vesi- 
cal emptying. Then, too, stricture of any part 
of the urethra may cause difficulties in void- 
ing. 

The authors have recently encountered 
several cases of grave obstruction to the 
urinary outflow due to hypertrophy of the 
interureteric ridge, which connects the two 
ureteral orifices and forms the upper margin 
of the trigonum vesicae. One of these pa- 
tients had a retention of 43 ounces of urine; 
another, 24 ounces; and a third 12 ounces. 

This paper is presented with the object of 
emphasizing hypertrophy of the interureteric 
ridge as a cause of urinary dysfunction, and to 
encourage operative intervention in such 
cases. 


CITATION OF LITERATURE 


The vesical trigone is a definite muscular 
entity continuous with the longitudinal muscle 
fibers of the ureters, and is superimposed upon 
the muscles of the bladder wall. For know- 
ledge of its development, structure, function, 
and pathology we are indebted largely to 
Young, Wesson and Macht. 

In 1920 Wesson published the results of his 
extensive investigations into the embryology 
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and anatomy of this structure. It was shown 
that the main muscle bundles of the trigone 
run from the ureteral orifices to the vesical 
orifice, forming Bell’s muscles; that at the 
vesical orifice they converge and pass down 
over the posterior edge of the orifice, forming 
at this point the uvula vesicae; and that cer- 
tain bundles extend medially and interlace 
with bundles from the opposite side, their 
upper margin forming the interureteric ridge. 

Earlier, Young had noted that hypertrophy 
of the trigonal muscle occurred in prostatic 
obstruction; that frequently, during supra- 
pubic prostatectomy, one found the interure- 
teric ridge markedly elevated, with a pouch 
behind it, the rest of the trigone usually being 
shortened and thickened. 

In 1921 Young and Wesson reported the 
results of their studies on the role played by 
the trigonal muscle in the act of urination. 
They believed that the powerful trigonal 
muscle, running down into the urethra, passes 
in the form of an arc through the weaker 
arcuate muscles at the vesical orifice, and 
that contraction of the trigonal muscle 
straightens it and results in depressing the 
uvula and mechanically pulling open the 
“sphincter.” They contended that opening of 
the orifice is, therefore, a positive and not an 
inhibitory action, as previously held; and that 
the principal function of the trigonal muscle 
is to open the bladder orifice during urination, 
and not to close the ureteral orifices, as des- 
cribed by Bell and others. Innervation of the 
trigonal muscle is by the true sympathetics 
through the hypogastric nerves, as shown by 
the experiments of Macht who found that 
the muscle contracts only with drugs acting 
on the true sympathetic endings, whereas 
detrusor fibers contract with drugs acting on 
parasympathetic endings as well. 
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Case 1. 
Condition before operation: Note greatly elevated interureteric ridge and small median bar 


Fig. 1. 


at vesical orifice. 2, Sagittal view of condition present. 





Resection of hypertrophied trigone for cure of urinary obstruction. 1, 


3, 4, 5, Cystoscopic views of hyper- 


trophied trigone and elevated interureteric ridge. 


The hypertrophy of the trigonal muscle ob- 
served in cases of obstruction at the vesical 
orifice was attributed by these writers to the 
increased effort which devolved upon it in 
pulling open the urethra for urination. They 
noted that the obstructive trigonal hyper- 
trophies varied considerably in size and form. 
Wesson thus describes the characteristic 
stages in the development of trigonal hyper- 
trophy, based on a study of 125 cases: 


“At first the trigone is very slightly elevated upon 
the bladder wall, the lateral ridges being definitely 
raised. In the next stage, the trigone is elevated 
and on a level with the ureteral ridges and ligamen- 
tum interuretericum, behind which is a shallow 


cavity. With the formation of a median bar the 
trigone lies close against it like a shelf. The inter- 
ureteric ridge may stand out like a cord and there 
is a slight pouch in front of it on the trigone and 
a deeper bas-fond behind. With advancing hyper- 
trophy the bas-fond becomes deeper, and eventually 
undermining takes place, the trigone being dissected 
free from the bladder wall. The trigone then stands 
out as a ledge or dam, dividing the bladder in two 
parts and giving it an hourglass appearance.” 


When Young and Wesson published their 
observations, in 1921, they found in the litera- 
ture no reported instances of surgery of the 
trigone. They themselves, however, were 
treating such cases both by the transurethral 
and suprapubic routes, and occasionally peri- 
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Fig. 2. Case 1. 1, Beak and electrode of Kirwin resectoscope about to engage portion of left side of 
interureteric ridge. 2, Removing tissue from left side (first cut). 3, Shows relation of resectoscope to 
trigone; tissue from left side about to be removed with cutting electrode. 4, 5, 6, Removing tissue 
from right side (second cut). 7, 8, Removing middle portion of trigone (third cut). 9, Result after 
removal of left and right parts; middle portion about to be removed. 10, Sagittal view showing elec- 
trode removing middle portion. 


neally. For smaller hypertrophies associated degree, Young devised a special “cystoscopic 
with median bar formation, they used the  trigonotome,” but preferred suprapubic cystos- 
Young punch. For hypertrophies of greater tomy, with splitting of the trigone by scalpel 
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Fig. 3. Case 1. 1, Condition after resection of hypertrophied trigone and 
median bar. 2, 3, 4, As seen through the resectoscope. 


or scissors. He emphasized that, since the 
trigonal muscle has a definite and important 
function, it was advisable, in removing the 
obstruction, to leave a maximal amount of 
uninjured trigonal muscle and, especially, to 
leave uninjured the muscles extending from 
the ureters to the vesical orifice. 

Recent literature contains but few refer- 
ences to this subject, and there is nothing that 
is new. 


DESCRIPTION OF OPERATION 


Under spinal anesthesia, the Kirwin resecto- 
scope is passed and excision of the interure- 
teric ridge is accomplished by applying the 
cutting electrode about 0.5 centimeter internal 
to each ureteral orifice. It is well to excise one 
side first, then the other, and finally remove 
the remaining middle portion (Figs. 1, 2, and 
3). There is usually no difficulty with bleeding 
in these cases because no large vessels are en- 
countered. If, however, there is some ooze— 


which has occurred in some of our cases—this 
is stopped by the coagulating current. 
Following the operation, a Foley catheter 
is inserted and left in place for the length of 
time ordinarily utilized in transurethral resec- 


tion. 
REPORT OF 3 TYPICAL CASES 


CasE 1. J. O., a white male, aged 42 years, was 
admitted to St. Clare’s Hospital on May 4, 1949 
complaining of burning pain in the perineum during 
micturition, of 2 months’ duration. There had been 
no frequency, nocturia, urgency, hematuria, or other 
urinary disturbance. An attempt to make a cysto- 
scopic examination of the patient before admission 
was unsuccessful because of pain. A plain roentgeno- 
gram was negative. 

He had had an appendectomy 21 years earlier; 
removal of a bladder stone 18 years earlier, with no 
recurrence; and, 2 years previously, acute prostatitis 
with perineal pain, frequency, and urgency, which 
subsided promptly under sulfadiazine therapy. 

Physical examination was negative except for 
slight tenderness to palpation in the suprapubic 
region, with dullness to percussion extending up to 
2 fingers’ breadth below the umbilicus. Rectal 
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palpation disclosed a prostate normal in size and 
shape, of slightly firm consistency. The residual 
urine was 1,250 cubic centimeters. The blood pres- 
sure was 140/80. Urinalysis showed the urine to be 
reddish, cloudy, reaction 7.5, specific gravity 1,010, 
albumin 3 plus, sugar negative, many white and red 
blood cells. The blood urea nitrogen was 14.9. 
Cystoscopy under spinal anesthesia revealed a 
moderate bar in the floor of the vesical orifice and 
marked hypertrophy of the interureteric ridge. The 
ureteral orifices could not be visualized. The hyper- 
trophy of the ridge was sufficient to cause marked 
urinary retention (43 ounces). Excretory urograms 
showed good kidney function on both sides and 
bilateral hydronephrosis. 

On the sixth hospital day, under spinal anesthesia, 
transurethral resection of the elevated interureteric 
ridge and the median bar was done with the Kirwin 
resectoscope. The pathological diagnosis was 
“glandular hyperplasia of the prostate and moderate 
chronic prostatitis.” 

The postoperative course was good except for a 
spiking temperature which subsided under penicillin 
therapy. The Foley catheter was removed on the 
fifth day and the patient was discharged on the 
eighth day to the senior author’s care. He has been 
seen repeatedly since, and there has been no recur- 
rence of residual urine, and his moderate chronic 
prostatitis is being treated successfully. 

CasE 2. A. M., a 75 year old white male, was ad- 
mitted to St. Clare’s Hospital on March 13, 1950 
because of painless hematuria of 2 weeks’ duration 
and urinary frequency, dysuria, and nocturia of 214 
years’ duration. At the time of admission, he was 
voiding every hour at night. A urological workup 
of the patient had been by the senior author prior 
to admission. There was a residual urine of 24 
ounces. Cystoscopy revealed a small trilobar en- 
largement of the prostate and marked hypertrophy 
of the interureteric ridge. The past history was 
irrelevant save for mild hypertension. 

Physical examination disclosed no palpable ab- 
dominal masses or tenderness. There was absence of 
the right testicle (no scar visible); and, rectally, the 
prostate was 3 times the normal size, elastic in con- 
sistency. The blood pressure was 190/100; pulse 120. 
Urinalysis on admission showed the urine to be very 
cloudy, reaction 6.0, specific gravity 1.011, albumin 
2 plus, sugar and acetone negative, red blood cells 
full field. The blood urea nitrogen was 26.2; the 
blood sugar 137 milligrams. 

On the second hospital day, under spinal anes- 
thesia, the interureteric ridge was resected with the 
Kirwin resectoscope, followed by resection of the 
enlarged prostate. Bleeding points were fulgurated 
and a No. 24-F. Foley catheter was left in the 
bladder. The pathological report showed “‘glandular 
hyperplasia of the prostate with one small area of 
the bladder surface showing early atypical intraepi- 
thelial changes.” 

The postoperative course was uneventful. The 
catheter was removed on the fifth day, the patient 


voiding with good control. He was discharged on 
the tenth day. Subsequent checkups have shown 
no recurrence of symptoms and no residual urine. 

CasE 3. S. R. M., a 58 year old white male, was 
admitted to St. Clare’s Hospital on March 22, 1950 
with a 3 months’ history of frequency, nocturia (4 to 
5 times), urgency, hesitancy, dysuria, and hema- 
turia. Prior to admission, he was cystoscoped by the 
senior author and a marked hypertrophy of the in- 
terureteric ridge was found. There was also a small 
trilobar enlargement of the prostate gland. 

The past history was noncontributory. 

The general physical examination showed nothing 
abnormal. Rectally the prostate was found to be 
enlarged, globular, smooth, and firm in consistency. 
There was 12 ounces of residual urine. The labora- 
tory findings on admission were normal except for 
numerous white and red blood cells in the urine. 

On the second hospital day, under spinal anes- 
thesia, transurethral resection of a portion of the 
interureteric ridge was done with the Kirwin resecto- 
scope, followed by resection of about 5 grams of 
prostatic tissue. A No. 24-F. Foley catheter was 
left in the bladder. The pathological report showed 
“fibroglandular hyperplasia of the prostate and 
moderate chronic prostatitis.” 

The patient had an entirely uneventful postopera- 
tive course, with removal of the catheter on the fifth 
day and discharge from the hospital on the four- 
teenth day. Subsequent checkup has shown no 
return of symptoms or of residual urine. 


DISCUSSION 


Our experience with cases of obstruction of 
the vesical orifice due to hypertrophy of the 
interureteric ridge has been such that we feel 
that this subject demands considerable atten- 
tion. 

In the cases seen by us, the hypertrophy of 
the interureteric muscular ridge has been due 
largely to stenosis of the vesical orifice, but in 
certain cases there has been some intravesical 
intrusion of the prostate gland. The hyper- 
trophy is caused by attempts to empty the 
bladder, which is made difficult by the narrow- 
ing of the orifice. The dysfunction of the 
bladder neck is increased as the patient, in 
straining to empty his bladder, causes an in- 
crease in the size of this muscle, so that a 
vicious circle is produced: the more the patient 
attempts to empty his bladder, the greater be- 
comes the hypertrophy of the interureteric 
ridge. 

The diagnosis of this condition is not diffi- 
cult. A patient who is suffering from urinary 
dysfunction with residual urine, and who, up- 








on being cystoscoped, shows trabeculations 
of the bladder with a hypertrophied, elevated 
interureteric ridge, with or without vesical 
neck obstruction, can be completely relieved 
by excision of the interureteric ridge with any 
resectoscope. The modern transurethral re- 
sectoscope makes an ideal instrument for such 
a procedure. The authors use the Kirwin 
instrument, and great care is taken to prevent 
injury to the ureteral orifices. 

It has been found unnecessary in most cases 
to cauterize the muscles leading from the 
ureters to the vesical orifice along the edge of 
the trigone, as they straighten out perfectly 
well after the interureteric ridge has been ex- 
cised. 

In the presence of vesical orifice obstruc- 
tions, these must also be removed by the re- 
sectoscope. 

Postoperatively, these patients do par- 
ticularly well. After excision of the hyper- 
trophied muscle bundles, the ureters retract 
slightly, become a little more deeply situated 
in the vesical fundus, the ridge disappears 
completely, and, by the same token, the dys- 
function is entirely relieved. It is presumed 
that the pull of the trigonum vesicae in at- 
tempting to empty the bladder, as pointed out 
by Wesson, adds to the obstruction. 

After resection of the hypertrophied inter- 
ureteric ridge, the stenosis or other obstruc- 
tive lesion of the vesical orifice which causes 
the hypertrophy must be treated with ap- 
propriate measures, and if there is chronic 
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prostatitis, this must be treated in the usual 
manner by massage, instillations of antiseptic 
solutions, and dilatation with metallic sounds. 


CONCLUSIONS 


The following conclusions have been reach- 
ed. 

1. Hypertrophy of the interureteric ridge 
may be the cause of urinary disturbances, in- 
cluding residual urine of varying amounts. 
It may accompany lesions of the vesical ori- 
fice. 

2. This condition is not difficult to relieve. 
Treatment consists of excision of the inter- 
ureteric ridge with a resectoscope. 

3. When concomitant lesions of the vesical 
orifice are present, these must be treated as 
well as the hypertrophy of the interureteric 
ridge. 
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THE INTESTINAL ABSORPTION OF ORAL ANTIBIOTICS 
IN TRAUMATIC SHOCK 


An Experimental Study 


WILLIAM A, ALTEMEIER, M.D., F.A.C.S., WILLIAM R. CULBERTSON, M.D., and 
ROBERT L. COITH, M.D., Cincinnati, Ohio 


KNOWLEDGE of the effect of trau- 
matic shock on the absorption and 
excretion of orally administered anti- 
biotics is of obvious importance in 

the management of wounded individuals. In 
the event of mass casualties, this information 
would be of primary importance since the de- 
sirability of administering antibiotics orally 
under such circumstances is self evident, pro- 
viding the development of shock does not 
diminish or prevent their absorption. While 
antibiotic agents are generally of value in the 
localization, control, or attenuation of infec- 
tions developing in contaminated wounds, 
their effect necessarily depends upon adequate 
function of the organs involved in their ab- 
sorption and excretion. The profound de- 
pression of al] vital activities occurring during 
traumatic shock, such as decreased blood 
volume, fall in blood pressure, hemoconcen- 
tration, decreased cardiac output, anemic hy- 
poxia of all organs, capillary congestion, vaso- 
constriction, lowered body temperature, de- 
creased muscle tonus, and depression of renal 
function, could conceivably have a marked 
effect on the intestinal absorption and produc- 
tion of antibiotic blood levels. In the absence 
of shock, many investigators have shown both 
experimentally and clinically that the oral 
ingestion of penicillin, aureomycin, and chlor- 
omycetin in laboratory animals and man is 
followed promptly by absorption of these 
drugs from the intestinal tract in sufficient 
quantity to be therapeutically effective, but 
information is not available regarding the in- 
fluence of shock on the blood levels obtained. 


From the Department of Surgery of the University of Cin- 
cinnati College of Medicine and Cincinnati General Hospital. 
The work described in this paper was done under a contract 
recommended by the United States Army. 
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A series of experiments has been conducted 
to measure the antibiotic blood levels ob- 
tained through gastrointestinal absorption in 
anesthetized dogs kept in a state of shock 
produced by traumatizing a hind limb. 


MATERIAL AND METHODS 


Healthy dogs weighing 10 to 12 kilograms 
were anesthetized by the intravenous injec- 
tion of sodium nembutal, a total of 27 animals 
being used in the study. Determinations of 
the blood levels from samples withdrawn from 
the external jugular vein in 22 animals not in 
shock were made at 14, 1, 2, 3, 4, and 6 hours 
after the intragastric instillation of a measured 
amount of one of either penicillin, chloromy- 
cetin, or aureomycin through an indwelling 
intragastric tube. 

For penicillin studies, 10 dogs were used; 
for aureomycin, 10 dogs; for chloromycetin, 
only 2 dogs. An additional 7 dogs, in shock, 
were studied without earlier observations in 
the unshocked state. Antibacterial assays 
were made by the serial dilution method using 
suitable test bacteria. 

After the animals were allowed to recover 
for 2 or more days, they were again anesthe- 
tized. A continuously recording mercury 
manometer was connected by a cannula to the 
right femoral artery. The left hind limb was 
then struck 10 to 15 heavy blows with a 
lead hammer at intervals until the blood pres- 
sure fell to and remained at a level of 80 to go 
millimeters of mercury. After this, an identi- 
cal quantity of penicillin, aureomycin, or 
chloromycetin to that formerly used for the 
dog was given in the same manner as previ- 
ously. Blood samples were obtained at the 
same interval and from the same source. 
During the remainder of the experiment, the 
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Fig. 1. Comparison of penicillin blood levels in dogs before and after the develop- 
ment of traumatic shock. Single oral dose of penicillin was 40,000 units per kilogram. 





blood pressure of each animal was maintained 
at 80 to go millimeters of mercury until shortly 
before death when it fell rapidly. To maintain 
the level of shock, additional trauma was used 
if necessary. Hematocrit determinations were 
also made. Similar studies were made on the 
7 other dogs during shock without earlier 
observations having been made in the absence 
of shock. | 

A single dose of 40,000 units of penicillin 
per kilogram was used for 10 of the dogs, 40 
milligrams of aureomycin per kilogram for 10, 
and 100 milligrams of chloromycetin per kilo- 
gram for 2 dogs. Time did not permit further 
collection of data with chloromycetin. It was 
found necessary to use the large dosage for 
the production of consistently measurable 
blood levels. 

Attempts were made to measure the urinary 
excretion of penicillin during shock, but these 
were unsuccessful because of the insufficient 
quantity of urine which was produced by the 
dogs. 


, Normal animal; -—--, animal in traumatic shock. HCT, hematocrit. 


RESULTS 


The blood levels of penicillin obtained in 
normal anesthetized dogs when 40,000 units 
per kilogram were instilled in the stomach 
rose promptly reaching their peak in one-half 
hour. In the succeeding 5!4 hours, the con- 
centration of the antibiotic in the blood con- 
tinually and progressively decreased to im- 
measurable levels (Figs. 1 and 2), in 9 out of 
10 dogs. 

The blood levels of penicillin occurring in 
the animals during severe traumatic shock 
reached their maximum within the same in- 
terval of one-half hour in 5 instances and in 1 
hour in the other 5. In only 1 of the animals 
did a higher maximum blood level occur dur- 
ing shock, and in 4, slightly lower levels were 
obtained. A higher blood level was main- 
tained in 7 of the shocked animals during the 
terminal 4 hours of their life or until death 
occurred. In the shocked animals which sur- 
vived the 6 hours, therapeutically effective 
concentrations remained present, while only 
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Fig. 2. Comparison of penicillin blood levels in dogs before and after the develop- 
ment of traumatic shock. Single oral dose of penicillin was 40,000 units per kilo- 





gram. ‘ 
hematocrit. 


immeasurable or minimal concentrations were 
detectable in the control animals at this time. 
Similar results were obtained in the 7 animals 
studied only in shock without previous ob- 
servations in the normal state. 

In the studies with aureomycin, the normal 
animals which received 40 milligrams per 
kilogram developed maximum blood levels 2 
to 3 hours after receiving the drug and main- 
tained a high concentration for the full 6 
hours (Fig. 3). In the animals receiving a 
similar amount during shock, the attainment 
of maximum blood levels was delayed until 3 
to 5 hours had passed. The peaks reached in 
3 of the 4 dogs during shock were appreciably 
less than normal, but greater than normal in 2 
others. In 1 instance, a continued gradual 
increase in the blood level occurred until the 
end of the experiment. The animals did not 
live long enough to permit measurement of 
the fall in concentration. 

When given chloromycetin, the control ani- 
mal developed maximum levels in one-half to 


Normal animal; --- 


-, animal in traumatic shock. ACT, 


2 hours and maintained such levels for 2 to 3 
hours before their gradual fall. During shock 
the same animals developed peak concentra- 
tions much more slowly, and the blood levels 
were significantly lower than those obtained 
earlier when the animals were not in shock 
(Fig. 4). 

Assays of the plasma-like edema fluid ob- 
tained from the traumatized hind limbs re- 
vealed the presence of .o24 unit of penicillin 
per cubic centimeter and .006 to .o24 micro- 
gram of aureomycin per cubic centimeter. 
No tests of this fluid were made in the 2 ani- 
mals treated with chloromycetin. 


DISCUSSION 


An analysis of these results indicates that 
severe and progressive traumatic shock does 
not prevent the absorption of orally adminis- 
tered antibiotics from the intestine. However, 
shock may modify the absorption of these 
antibiotics and the resultant blood levels as 
well, 
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Fig. 3. Comparison of aureomycin blood levels in dogs before and during trau- 
matic shock. Single oral dose of aureomycin was 40 milligrams per kilogram. One 
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The production of maximum blood levels 
of aureomycin and chloromycetin was usually 
delayed 1 to 3 hours during shock, while those 
of penicillin were delayed only one-half hour. 
In 5 of the shocked animals, maximum levels 
of penicillin were obtained in the same inter- 
val of one-half hour required in the normal 
group, while in the other 5 animals the interval 
was extended up to 1 hour. 
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Comparison of chloromycetin blood levels in dogs before and during 
shock. Single oral dose of chloromycetin was 100 milligrams per kilogram of body 
weight. One unit of chloromycetin=1 microgram. - 





» Normal animal; ----, 


The peak levels of aureomycin and chloro- 
mycetin per cubic centimeter of circulating 
plasma were generally lower in the animals 
maintained in shock. The peak levels of aure- 
omycin, however, were higher in 2 animals 
during shock. In the case of penicillin, half 
of the shocked animals developed blood levels 
equal to those occurring in the normal dogs, 
and half showed somewhat lower levels. 
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After the peak concentrations of penicillin 
were reached, the animals in shock maintained 
higher blood levels during the following 3 to 6 
hours than those animals which were not in 
shock. Because of the slower rate of absorp- 
tion of aureomycin and chloromycetin, it was 
impossible to determine whether or not either 
of these agents was retained for a longer period 
in the blood since the animals died from the 
effects of the shock before similar observations 
could be made. 

Whether or not the total amount of these 
antibiotics absorbed was less in the shocked 
animals was not determined. It is to be re- 
membered that these antibacterial determina- 
tions were made on samples of plasma ob- 
tained by aspiration of circulating venous 
blood. No correction was made for the dimin- 
ished blood flow and the diminished blood 
volume which occurred, but the latter sug- 
gested that smaller total quantities of the 
antibiotics were absorbed during the trau- 
matic shock. 

Of more practical importance, however, was 
the demonstration that the antibiotics were 
diffused into the traumatized tissues and plas- 
ma-like transudate in bacteriostatic concen- 
trations. 

These results suggested that a larger initial 
dose of either of these antibiotics within the 
limits of their tolerance is indicated as an aid 
in correcting the height of the maximum 
blood levels and the time required for the at- 
tainment of effective levels. 
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The oral route of administration of these 
antibiotic agents would be the most feasible 
one for the care of casualties occurring in 
great numbers during a short period of time. 
Under the conditions of a major catastrophe 
such as an attack by an atom bomb, sufficient 
medical personnel and supplies for parenteral 
injections of the antibiotics would be unavail- 
able generally. Oral administration by direc- 
ted lay personnel or by many of the victims 
could be done with relative ease, however. 

The maintenance of higher levels for a 
greater period of time during shock might also 
be of practical value in the treatment of iso- 
lated individuals or of a number of casualties 
so large that the facilities of medical care 
would be overburdened. 


SUMMARY 


A group of experimental studies in dogs 
indicated that traumatic shock did not pre- 
vent the absorption of penicillin, aureomycin, 
or chloromycetin from the intestinal tract. 
However, effective antibacterial blood levels 
often developed at a somewhat slower rate 
and the peak concentrations usually remained 
lower during shock than during its absence. 
The concentrations of penicillin in the blood 
persisted at a relatively higher level and for a 
longer time in the shocked animals. From the 
blood, these agents were diffused spontane- 
ously into the plasma-like transudate of the 
traumatized extremities in active states and 
in effective antibacterial concentrations. 











THE BLOOD VOLUME AND BLOOD TURNOVER IN 
THORACIC SURGERY AS DETERMINED BY P* 
LABELLED RED BLOOD CELLS 


NATHANIEL I. BERLIN, M.D., Ph.D., DONALD F. ROWLES, M.D., GRACE M. HYDE, 
MS., M.D., ROBERT J. PARSONS, M.D., PAUL C. SAMSON, M.D., F.A.C.S., and 
SHIRLEY PORT, A.B., Berkeley, California 


HERE are only a few reports in the 

literature describing the blood vol- 

ume changes in thoracic surgery (1, 

22), although there are several pa- 
pers discussing the blood loss in thoracic sur- 
gery as determined from either the weight, 
the hemoglobin content, or the iron content 
of the surgical sponges and the aspirating 
equipment which was used (10, 21, 23). In 
general these studies have shown that in a 
thoracoplasty the blood loss averaged ap- 
proximately 70o cubic centimeters and in a 
lobectomy and pneumonectomy approximate- 
ly 1500 cubic centimeters. The present study 
was designed to measure accurately the loss 
of the red blood cells and plasma resulting 
from thoracic surgical procedures, by the use 
of red blood cells labeled with P*. This 
study was further designed to include the 
losses involved both in the surgical procedure 
and due to bleeding into wounds and body 
cavities following completion of the opera- 
tion. Before surgery, the blood volume, the 
total red cell volume, and the plasma vol- 
ume in these patients who had pulmonary 
tuberculosis has been found to be reduced on 
the average approximately 15 per cent with 
no resultant change in the hematocrit (6). 
These patients are therefore anemic by blood 
volume standards and probably should receive 
sufficient blood preoperatively to bring their 
total red blood cell volume within normal range. 


METHODS 


The blood volume was determined by the 
use of red blood cells labeled with P*® using 
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the modification of the original Hevesy and 
Zerahn (14) method developed in this lab- 
oratory (2, 4). In general the blood volume 
was determined from 2 to 6 days preopera- 
tively and at a similar interval after com- 
pletion of the surgery; none of these patients 
was in clinical shock at the time of blood 
volume determination. The amount of blood 
and plasma transfused was also noted. The 
turnover (loss) of red blood cells and plasma 
was calculated from the changes in the blood 
volume before and after surgery and by as- 
suming that in each 500 cubic centimeter 
transfusion there were transfused 200 cubic 
centimeters of red cells and 300 cubic centi- 
meters of plasma. A sample calculation is 
shown in Table I. 


RESULTS 


The blood volume, the amount of blood 
and plasma transfused, and the calculated 
turnover or loss of red blood cells and plasma 
in 27 cases of thoracic surgery, largely car- 
ried out for tuberculosis are presented in 
Table II. The total red cell turnover has 
also been calculated in terms of cubic centi- 
meters per kilogram of body weight so that 
a comparison can be made of the total red 
cell loss without consideration of differences 
in the body weight of these patients. 

The routine at this hospital in the past 
has been to study the patients by hemo- 
globin determinations, hematocrit, and oc- 
casionally plasma protein determinations. 

During a first stage thoracoplasty, the 
posterolateral approach being used, a 214 rib 
resection is done. During or immediately 
following the procedure 1,000 cubic centi- 
meters of whole blood are used to replace op- 
erative loss. During a second stage thora- 
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coplasty, the previous wound is reopened 
and portions of up to 4 ribs and the tip of 
the scapula are resected subperiosteally. The 
transverse processes of the vertebrae are in- 
cluded in the routine operative procedure at 
each stage. The wound is drained with a 
Penrose drain for 24 hours after operation. 
A transfusion of 500 cubic centimeters of 
whole blood is given during the operation. 
During resection surgery the chest is en- 
tered through a posterolateral incision and 
usually a single rib is removed subperiosteal- 
ly. A 1,000 cubic centimeter transfusion is 
given during the procedure of routine thora- 
cotomy and additional transfusions are used 
to replace the estimated loss of any addi- 
tional procedure, i.e., lobectomy, pneumo- 
nectomy, concomitant thoracoplasty, etc. 
The blood volume turnover or loss in first 
stage thoracoplasty procedures in this study 
is shown to vary from 840 to 1500 cubic cen- 
timeters. Maximal blood volume loss was 
found in a case in which excessive postoper- 
ative wound drainage occurred following ex- 
posure of a Monaldi catheter, which had 
been utilized to collapse temporarily a giant 
tension cavity (Case 3). Blood volume stud- 
ies in second stage thoracoplasty or thoraco- 
plasty subsequent to resection show a turn- 
over of 350 to 1410 cubic centimeters (aver- 
age approximately 700 c.c.) of blood. 
Although total blood loss with consequent 
reduction of blood volume is considerable, 
these studies show that in some patients 
there is greater loss of red blood cells than 
would be indicated if blood volume loss alone 
were determined. Therefore the red blood 
cell loss should be calculated. During thora- 
coplasty procedures, average blood volume 
change or turnover was 860 cubic centimeters, 
while average red cell volume change or turn- 
over was 490 cubic centimeters, which repre- 
sents roughly the red cell volume supplied 
by 1250 cubic centimeters of whole blood. 
This apparent discrepancy between the total 
volume of blood lost and the volume of blood 
that would have to be lost to account for 
this total red cell loss is due to the replace- 
ment of the fluid lost by various physiolog- 
ical mechanisms, in an effort to maintain 
the blood volume. Thus the actual amount 


TABLE I.—SAMPLE CALCULATION OF BLOOD 
TURNOVER IN THORACIC SURGERY, CASE OF C.S. 
PM ees dx caged Suances ase 8-18-49 8-22-49 
Blood volume—c.c............. 3550 2330 
pd) a7 1560 740 
Plasma volume—c.c............ 1990 1560 


(Lobectomy, decortication and thoracoplasty—8-19-50. 
Transfused 3,000 c.c. blood and 250 c.c. plasma 


Net change Turnover 

Blood volume 

—C.C.. 22... 3550—2330 =1220 1220+3250=4470 
Total red cell 

volume— 

Ot ree 1560— 740 = 820 820+1200=2020 
Plasma vol- 

ume—c.c.... Ig90—1560 = 430 430-+2050=2480 


Patient was given 6 transfusions of 500 c.c. whole blood 
and 1 transfusion of 250 c.c. plasma. For calculation of 
turnover it was assumed that in each 500 c.c. whole blood 
there was 200 c.c. red blood cells and 300 c.c. plasma. 


*TRCV—Total red cell volume 


of blood lost may be greater, and in these 
patients usually was greater, than the meas- 
ured change in blood volume. Since only 
500 cubic centimeters of blood had previous- 
ly been supplied during the surgery, in a 
second stage thoracoplasty, additional trans- 
fusions totaling 750 cubic centimeters were 
indicated by this study and were given. Of 
interest is the fact that in these patients 
there was marked symptomatic and objective 
improvement after this additional replace- 
ment of whole blood. We now feel that for 
optimum postoperative progress, patients un- 
dergoing thoracoplasty must receive a mini- 
mum of 1,000 cubic centimeters of whole 
blood during and following each stage. 
During resection surgery even greater blood 
volume loss or turnovers were noted. These 
ranged up to 5,090 cubic centimeters depend- 
ing upon the procedure undertaken. Most 
of these patients were operated on for tu- 
berculosis, and bleeding from pleural adhe- 
sions could account for a significant amount 
of this blood loss. Maximal blood loss was 
noted in a patient (Case 16) having a tu- 
berculous empyema in whom because of fail- 
ure of re-expansion following decortication, 
a pneumonectomy and parietal pleurectomy 
were performed. The thoracic cavity rapid- 
ly filled with serosanguineous fluid and nu- 
merous whole blood transfusions were given. 
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TABLE II.—ANALYSIS OF 27 CASES 
Date 
; Preoperative Le Turnover R.B.C. 
Patient Age Sex Preopera- mn Postopera- ph c.c. kgm. 
setnioma "ae B.V. | TRCV | pr, vol. B.V. | R.B.C. | Pl. 
ist stage thoracoplasty 
£30. 42 8-8-49 8-10-49 8-11-40 4050 2020 2030 1000 840 400 444 5.9 
s. O.D. 33 F 8-22-49 8-24-49 8-25-49 3233 1067 2166 1000 1200 560 800 8.9 
s. -BB. 28 F 5-24-50 | 5-26-50 | 5-31-50 3240 1390 1820 1000 1500 825 700 15.2 
500 pl. 
4. HLA. 25 F 10-17-50 | 10-20-50 | 10-23-50 | 3200 1310 1880 1000 1485 450 1040 7.7 
: Av. 9.4 
2nd stage thoracoplasty 
5. M.F. 26 F 5-18-so | 5-19-50 | 5-23-50 2650 1060 1560 500 350 420 —68 7.2 
6. J.R. 54 M 5-31-50 6-10-50 6-13-50 3180 1430 1750 500 430 330 130 5.0 
7. M.V. 23 M 8-8-49 8-09-49 8-11-49 4330 2080 2250 500 745 500 260 7.0 
8. B.B. 28 F 5-31-50 6-23-50 6-29-50 3230 970 2230 500 885 280 765 5.1 
9. L.B. 22 F 6-27-50 | 6-27-50 7-5-50 2055 1155 1773 500 370 320 50 7.6 
10. M.F. 54 M 9-28-50 8-8-50 8-11-50 3910 1840 2030 500 1410 810 610 II.0 
11. J.B. 25 F 5-17-50 5-18-50 5-22-50 2900 1305 1570 500 370 420 —154 7.7 
12. A.A. 21 F 9-25-50 Io-10-50 | 10-16-50 2544 814 1705 1000 1332 285 1044 7.7 
Av. 7.3 
Pneumonectomy 
13. J.D. 57 F 7-17-50 7-18-50 7-24-50 3189 1403 1785 1800 1640 790 goo 12.3 
14. A.R. 44 M 8-15-50 8-16-50 8-22-50 4230 1860 2330 1800 2510 1140 1380 14.7 
as. TA, 42 F 8-18-50 | 8-23-49 8-25-49 3600 1440 2160 2000 2120 1160 1030 13.3 
16. J.M. 33 M 8-8-so0 8-30-50 Q-I-50 3670 1540 2090 Fane 5090 1980 3100 47.0 
Av. 13.3* 
Lobectomy 
17. F.H. 20 F 8-17-50 8-18-50 8-21-50 2340 940 1410 2500 2500 1150 1400 20.0 
18. F.F. 44 M 5-19-50 6-30-50 7-5-50 3851 1540 2272 1500 2960 1370 1570 24.3 
19. C.S. 32 F 8-18-49 8-19-50 8-22-49 3550 1560 1990 i. 4470 2020 2480 39-4 
20. M.K. 20 F 9-19-50 9-20-50 9-22-50 3420 1370 2020 2000 2364 671 1690 28.4 
a1. W.T. 42 M 9-14-50 | 9-19-50 | 9-22-50 3710 1710 1960 1500 468 40 448 7.8 
22. V.M. 23 F 8-24-50 8-25-50 8-29-50 3320 1530 1760 2000 2140 1280 1583 18.5 
23. A.M. 42 F 9-26-50 | 9-27-50 | 9-28-50 3030 ‘| 1440 1570 3500 3080 1340 1780 21.0 
24. O.F. 42 M 10-16-50 | 10-17-50 | 10-18-50 5306 2255 2971 2000 3494 1378 2074 20.1 
Av. 22.4 
Miscellaneous 

tas. L.H. 54 M 7-6-50 7-12-50 7-25-50 2620 1130 1470 2500 1230 530 610 10.6 
t26. E.H. 40° M 8-18-50 | 8-23-50 | 8-26-50 3710 1710 1960 1800 2650 1390 1260 15.5 
927. D.A. 44 M 8-29-50 | 9-15-50 | 9-19-50 4605 2070 2490 1000 2120 1470 674 25.5 












































B.V., Blood volume; TRCYV, total red cell volume; Pl., plasma volume. 
*Patient 16is excluded from the average because of other complications, 


tResection, lower % 
Fe ae left lung. 


hagus for car 





iv 


Extrapleural plombage. 


BE 


du 
ol} 
thi 
oc 
su 


ha 
CO! 


do 
bl 





ei)? 


- ee 


err a ee 


a ee eo 





BERLIN et AaL.: BLOOD VOLUME AND TURNOVER IN THORACIC SURGERY 715 


DISCUSSION 


This study served to determine the losses 
due to the operative procedure including hem- 
olysis, wound drainage, and the loss from 
the circulatory system into the body cavities 
occurring during and for a few days after 
surgery. 

In general the blood loss in thoracic surgery 
has been shown to be comparatively large. 
Because, as has been reported (8, 13) and 
corroborated in this study, the hematocrit 
does not give an accurate indication of the 
blood volume, repeated blood volumes are 
necessary for optimum preoperative and post- 
operative management. 

Previous studies using the Evans blue dye 
method show somewhat lower losses although 
these patients were usually studied imme- 
diately after operation (1, 22). In addition 
the Evans blue and other dye methods for 
the determination of the blood volume are 
subject to many practical and theoretical 
limitations: 

1. The first of these is the possible rapid 
loss of dye into the cells of the reticulo- 
endothelial system (9, 20) and loss into the 
lymphatic system (7). 

2. The second is the longer mixing time 
with Evans blue (12) in comparison with 
that using labeled cells (15, 17), and iodi- 
nated plasma protein (24). 

3. The third is the higher normal volume, 
approximately 15 per cent, as determined by 
the dye method in comparison with the volume 
which is determined in normal individuals 
by labeled red cells in different laboratories 
(11, 16, 18). 

4. The fourth is the wide divergence in 
various pathological states such as polycy- 
themia (5), congestive heart failure (19), and 
cirrhosis (3) that is obtained with the use 
of the dye method and the values obtained 
with the use of radioactive phosphorus label- 
ed red cells. 

For these reasons the dye methods are less 
satisfactory for the accurate determination 
of the blood volume. 


_ Fora better understanding of some of the difficulties involved 
in the use of the dyes to determine blood volume the series 
papers by Dr. Homer P. Smith in J. Exp. Med., 1930, vol. 51, 
should be consulted. 


SUMMARY 


1. The changes in the blood volume and 
the blood volume loss in 27 patients under- 
going thoracic surgery are presented. 

2. The magnitude of blood loss or volume 
turnover is demonstrated in thoracic surgery. 
There is an average of about 1,000 cubic cen- 
timeters turnover in a thoracoplasty. The 
loss of blood is even greater in pneumonec- 
tomies and lobectomies. 

3. The volume of red blood cell loss is 
relatively higher than the amount of appar- 
ent plasma loss as determined in these cases. 

4. The clinical value of blood volume 
studies in thoracic surgical patients has been 
presented. 
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ACUTE PERFORATION OF PEPTIC ULCER 


Early and Late Results 


HENRY A. KINGSBURY, M.D., F.A.C.S., and ERLE E. PEACOCK, JR., M.D., 
New York, New York 


INCE 1930 simple suture of the per- 
forated peptic ulcer has been the pro- 
cedure of choice at The Roosevelt 
Hospital. White and Patterson at that 

time reported a 19 per cent mortality by this 
method in contrast to a 26 per cent mortality 
when suture and gastroenterostomy were em- 
ployed. The mortality during the next 12 
years when this method of treatment was 
used was 13 per cent (3). It was also reported 
that there was a high incidence of postopera- 
tive complications and an increase in the in- 
cidence of the disease in females, and that in 
about 30 per cent of cases followed over a 
period of years further surgery was required. 

The present report covers 170 cases occur- 
ring in the 6 year period from 1944 to 1949. 
It was at the beginning of this period that the 
rational use of antibiotics was established. 
We believe that an analysis of our results is 
again advisable to determine the influence of 
the antibiotics on mortality and postoperative 
complications and to examine our overall 
management of this condition in the light of 
the newer concepts of preoperative and post- 
operative care. 


INCIDENCE 


The age distribution of the cases was as 
follows: 





No.in | 
1930-1943 series 


No. in 


Age, years 1944-1949 series 





10-19 2 5 





20-29 23 36 





30-39 32 56 





40-49 50 69 





50-59 42 35 
60-69 12 16 
7°-79 9 7 
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It parallels a previous report from this 
hospital and confirms the experience of others 
that this is a disease of man in the most 
productive years of his life (5). This age 
distribution has not varied in the past 20 
years. During the years 1944 through mid 
1949 inclusive there were 50,069 hospital 
admissions to The Roosevelt Hospital. 

One hundred and seventy or 1 out of 
every 295 admissions were for perforated 
peptic ulcer. Twenty years ago. the accepted 
incidence in females was approximately 4 
per cent. From 1930 through 1943 the in- 
cidence was 7 per cent. Of the 170 cases 
in this series 17 or 10 per cent were fe- 
males. No adequate explanation is offered 
for the increase in incidence of this dis- 
ease in women. 


PATHOLOGY 


One hundred and forty-four or 84.6 per cent 
of the 170 perforations occurred on the ante- 
rior superior aspect of the first portion of the 
duodenum. Three occurred in the pylorus and 
3 in the second part of the duodenum. Eight- 
een were gastric ulcers, 15 of which were 
located in the prepyloric region of the lesser 
curvature, 2 on the posterior wall of the 
stomach, 1 in the greater curvature of the 
stomach. 

One of the gastric ulcers was malignant. 
All gastric ulcers are biopsied. Two of the 
gastric ulcers had ruptured posteriorly into 
the lesser omental bursa and were sealed off 
at the time of operation. There was 1 per- 
foration of a marginal ulcer and 1 perforation 
of a jejunal ulcer 9 centimeters distal to the 
previous anastomosis of a subtotal gastrec- 
tomy. There were no multiple perforations 
into the free peritoneal cavity. Multiple 
ulceration of the duodenum was found in 2 
cases at autopsy. 
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DIAGNOSIS 

The great majority of cases of perforated 
peptic ulcer are easily diagnosed. About 85 
per cent of these patients will give a history 
of ulcer symptoms if they are diligently ques- 
tioned. Another 7 per cent will have had 
previous surgery for peptic ulceration. There 
were 8, or 4.8 per cent, previous perforations 
in this group. 

Physical examination revealed the presence 
of shock in less than 10 per cent of the 
patients. The abdominal findings were nearly 
always those of severe generalized peritonitis. 
Liver dullness was absent in 45 per cent. Free 
air under the diaphragm was present in 70 
per cent. The white blood counts averaged 
16,600 with 85 per cent polymorphonuclears. 

In this series there were 2 instances of mis- 
diagnosis, a diagnostic error of 1.2 per cent. 
In 1, the duodenal contents were confined to 
the right gutter so that all of the signs and 
symptoms were limited to the right lower 
quadrant. A McBurney incision was made 
and closed as soon as the correct diagnosis 
became apparent. An incarcerated loop of 
small bowel in an inguinal hernia masking the 
basic pathology was responsible for the other 
error in diagnosis. 


PREOPERATIVE PREPARATION 


Eighty per cent of the patients were 
operated on within 6 hours following their 
first symptom of perforation. Preoperative 
preparation consisted of restoration of fluid 
and electrolyte balance by the use of blood, 
saline, and glucose as indicated. Antibiotics 
are also started at this time. The introduction 
of an indwelling stomach tube with continuous 
suction is a routine procedure. Morphine or 
demerol and atrophine are the preanesthetic 
drugs of choice. With the exception of a few 
bad risk patients operated upon under local 
anesthesia, almost all of the operations were 
carried out under gas-oxygen-ether anesthesia 
or sodium pentothal and curare. The average 
length of time between admission and opera- 
tion was approximately 2 hours. 


INCISION 


In 1937 Amendola advocated a subcostal 
incision for the suture of perforated peptic 


ulcers believing that with this incision there 
is less wound pain, less inhibition of cough, 
and hence fewer pulmonary complications. 
The statistics in the 224 cases reported prior 
to 1944 supported this contention. In this 
series atelectasis occurred in 23 per cent of 
patients operated upon through a right rectus 
incision and in 8 per cent of those operated 
upon through a subcostal incision. The inci- 
dence of pneumonia was equal regardless of 
the incision and is probably the result of 
antibiotics. 
SUTURE 

In 155 of the perforations closure was by 
means of linen or catgut sutures which were 
either of the Lembert type or passed directly 
through the wall of the duodenum above, 
beneath, and below the ulcer and tied over a 
pedicle or free omental graft as advocated by 
Roscoe Graham. Fourteen of the ulcers were 
closed with linen pursestring sutures and rein- 
forced with a small tab of omentum. Sub- 
total gastrectomy was performed in 1 case of 
perforated gastric carcinoma. 

Less than 1o per cent of cultures of the 
peritoneal fluid showed bacterial growth in 
those patients operated upon within ro hours 
of perforation. The bacteria most often found 
were alpha hemolytic streptococci, Strepto- 
coccus faecalis, and Bacillus welchii. Intra- 
venous aureomycin seems to be the drug of 
choice for combatting these organisms and is 
started almost routinely in all cases (7). Later 
it may be given orally when the Levin tube is 
removed. Sensitivity studies should be done 
on any positive cultures and the proper anti- 
biotic in the correct dosage employed. 


WOUND CLOSURE 


Generally the abdominal wounds are closed 
in layers No. o chromic catgut being used for 
the peritoneal and fascial layers and silk or 
clips for the skin. When operating time is a 
factor, wounds are closed with through and 
through sutures. Silk or stainless steel reten- 
tion sutures are used in right rectus or midline 
incisions. 

COMPLICATIONS 

Of the 170 patients considered in this series 
64 developed a total of 68 postoperative com- 
plications. This is an incidence of complica- 
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tions in 38 per cent of patients. In the previous 
report from this hospital 50 per cent of pa- 
tients developed complications (3). We be- 
lieve this reduction must be attributed to the 
routine use of antibiotics, since the overall 
management of perforated ulcers has other- 
wise changed very little in the past few years. 

The role of drainage in the problem of com- 
plications is of interest. Drainage of the 
peritoneal cavity in diffuse peritonitis is of 
very questionable value and has been aban- 
doned in most clinics. In 103 cases drainage 
of the abdominal wound down to the peri- 
toneum was carried out. The incidence of 
wound complication in this group was 3 per 
cent, whereas in 67 cases in which the wound 
was not drained the incidence was 16 per cent. 

Table I reveals the type of complications 
usually met in the treatment of this disease. 
Comparing the findings in this series with 
those of the 1943 series some interesting facts 
stand out. The incidence of pulmonary com- 
plications has changed only slightly. The 
same can be said for wound disruptions. 
Wound infections are markedly reduced, a 
fact which also must be attributed to the 
influence of antibiotics. At first glance it 
would seem rather a paradox that there 
should be such an alarming increase in the 
incidence of intraperitoneal abscesses. As 
will be shown later there has been a marked 
decrease in the number of deaths from gen- 
eralized peritonitis, and the increase in the 
abscess group probably represents those cases 
“salvaged” by the antibiotics from a peri- 
tonitis death. 

The following figures show the effect of age 
on the complication rate: 








Age, years No. complications Per cent 





5 out of 24 20 





Ir out of 32 24 





19 out of so 38 





20 out of 42 47 





6 out of 12 50 











70 over 3 0utof 9 33-3 





DEATHS 


Of the 170 patients with perforated peptic 
ulcer admitted to The Roosevelt Hospital 
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TABLE I.—TYPES OF COMPLICATIONS 


1950 Series 1943 Series 


(170 cases) (224 cases) 
No. Percent No. Percent 


Pulmonary 32 18.8 48 21.4 
Pneumonia 
Atelectasis 
Pleural effusion 

Wound disruption 

Wound infection 

Intraperitoneal abscess 
Pelvic abscess 
Subphrenic abscess. . 
Multiple localized 

intraperitoneal 


Duodenal fistulas 
Miscellaneous 
Wound hematoma. . . 
Phlegmon chest wall. 
Facial paralysis 
Thrombophlebitis. . . 


during this period there were 17 deaths, an 
overall mortality of 10 per cent. One patient 
admitted in extremis was not operated upon. 
Four deaths occurred within 12 hours of 
operation. Each patient was in shock on 
admission, responded only slightly or not at 
all to antishock therapy, and was operated 
upon as a desperate measure. In the light 
of our present knowledge, these patients in 
all probability should not have been operated 
upon. 

Most reports from other hospitals indicate 
that generalized peritonitis has been the chief 
cause of death. In the previous report from 
this hospital 63 per cent of the deaths were due 
to this condition (3). In the present series 
38.8 per cent of the deaths have been due to 
generalized peritonitis. Again we believe that 
this reduction can be attributed to the use of 
antibiotics. 

Eight deaths were due to cardiac complica- 
tions—now the chief cause of death—3 to 
coronary occlusion, and 5 to cardiac failure. 
One coronary occlusion was proved by electro- 
cardiogram and 2 by autopsy. 

It has been shown many times that the 
mortality curve goes up progressively in 
direct proportion to the age of the patient (4). 
Our figures indicate an increase from 3 per 
cent in the fourth decade to 33.3 per cent in 
the eighth decade. There were 4 deaths in the 
age group below 50 years, a mortality of 
3-7 per cent. 
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FOLLOW-UP 


Our follow-up has been extremely unsatis- 
factory and is therefore of little statistical 
value. Forty-five patients, or 29.6 per cent of 
the 153 survivors, did not return to the recall 
clinic. 

One hundred and seven of the survivors 
were followed between 6 months and 1 year. 
Those patients not followed for at least 6 
months are not included in this series. At 
1 year 60 patients were completely asympto- 
matic, 18 had symptoms controlled by diet, 
and 29 had symptoms not controlled by diet. 
Of these 29, eight came to surgery during the 
first year following their perforation. 

Seventy survivors were followed longer than 
1 year. Of these, 31 had no symptoms, 1o had 
symptoms controlled by diet, and 29 had 
symptoms not controlled by diet. Of this 
latter group 21 have required additional sur- 
gery. Fourteen patients have had subtotal 
gastrectomies, 3 have had posterior gastro- 
enterostomies, and 2 were subjected to vag- 
otomies. 


SUMMARY AND CONCLUSIONS 


1. The early and late results in 170 con- 
secutive patients with perforated peptic ulcers 
are reported. 

2. During the period of the past 20 years 
there has been a notable increase of the disease 
in females. 

3. The essential points in the diagnosis are 
given. About 85 per cent of patients give a 
previous ulcer history, 7 per cent have had 
previous surgery for peptic ulcer, and 4.8 per 
cent had perforations previously. Pneumo- 


SURGERY, GYNECOLOGY AND OBSTETRICS 


peritoneum is demonstrable in 70 per cent of 
cases. 

4. Eighty-five per cent of the perforated 
peptic ulcers occurred in the first portion of 
the duodenum, and ro per cent in the stomach. 

5. Simple suture with a free or pedicle 
omental graft is the method of choice of closure 
of the perforation. 

6. Drainage of the wound down to the 
peritoneum is strongly advocated. 

7. Since the adoption of the routine use of 
antibiotics the incidence of complications has 
been reduced from 50 per cent to 38 per cent 
and the mortality from 13 per cent to 10 per 
cent. 

8. Generalized peritonitis is no longer the 
chief cause of death from this disease. 

g. The incidence of symptoms following 
operation increases with the length of time 
the patient is followed. Approximately 30.7 
per cent of patients require surgery at a later 
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PAROTID TUMORS 


Histopathology, Clinical Behavior, and End Results 


JOHN W. KIRKLIN, M.D., JOHN R. McDONALD, M.D., STUART W. HARRINGTON, M.D., 
and GORDON B. NEW, M.D., Rochester, Minnesota 


HE serious nature of certain tumors 

of the parotid gland is apparent to 

physicians who have cared for pa- 

tients with extensive, destructive neo- 
plasms of this structure. Yet the concept of 
the inherent benignancy of parotid tumors in 
general has been advocated by some for many 
years, while, paradoxically, others have con- 
sidered all tumors of the parotid gland to be 
carcinomas. 

This confusion as to the life history of pa- 
tients with parotid tumors has resulted in 
their treatment ranging from observation 
without operation (18) to radical total paro- 
tidectomy. In our opinion, the controversy as 
regards proper therapy stems directly from 
the difficulty in classification of the pathology 
of neoplasms of the parotid gland. Conflicting 
ideas as to the origin and classification of paro- 
tid tumors have characterized the study of 
these cases since Virchow’s time (3, 17, 18). 

In this study, it has been our purpose to 
classify parotid tumors on a histopathologic 
basis. The clinical features and prognosis of 
each of these types of tumors have been stud- 
ied. Conclusions as to a rational mode of 
therapy of each of these types have been 
drawn on the basis of the information we have 
obtained. 

The literature concerned with parotid 
tumors is voluminous. Despite the large num- 
ber of excellent contributions included in it, 
we shall make no attempt to refer to all arti- 
cles concerned with each phase of the subject. 
Such would add further length to an already 
extended discussion. 


MATERIALS AND METHODS OF STUDY 


For the purpose of this study, all cases of 
parotid tumor seen at the Mayo Clinic from 


From the Division of Surgery, Division of Surgical Pathology, 
= Section on Laryngology, Oral and Plastic Surgery, Mayo 
inic. 


1907 through 1944 were studied. The records 
of each of these 986 cases were reviewed in de- 
tail. In 77 cases there was no tissue obtained 
for pathologic study; these cases were not in- 
cluded. Thus go9 cases were retained for fur- 
ther study. All cases were classified as being 
primary, or previously untreated when first 
seen at the clinic; or secondary, these be- 
ing those which when first seen at the clinic 
were recurrent after treatment elsewhere. 

The original microscopic sections were re- 
viewed in all cases in which they were avail- 
able. Unfortunately, they were not available 
in 193 cases. The remainder of the study will 
thus be based on the 717 cases in which we re- 
viewed the original microscopic sections. 

Follow-up data were obtained by examina- 
tion of the clinical history, by examination of 
the patients at return visits, and by means of 
correspondence, the date of inquiry of all 
studies being as of January 1, 1948. 

The survival rates and local recurrence 
rates were calculated by the actuarial method 
(6) under the direction of Mr. Robert Gage of 
the Division of Biometry and Medical Statis- 
tics. For the sake of brevity the tables em- 
ployed for the calculation are not included in 
this manuscript, only the resultant figures be- 
ing displayed. 


HISTOPATHOLOGY 


As stated previously, a considerable amount 
of the perplexity which has surrounded the 
subject of parotid tumors seems to have arisen 
directly from the difficulties in the proper 
microscopic diagnosis of the various types of 
such tumors. Admittedly, this is a most diffi- 
cult field of tumor pathology. It appears 
wise, however, to employ a classification of 
parotid tumors in which each type is clearly 
defined in rather dogmatic terms. Although 
there can be no question that it is occasionally 
difficult to assign a given case to one of these 
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categories, it should be possible in the vast 
majority of instances to classify parotid 
tumors accurately. The importance of this in 
the treatment of these lesions cannot be over- 
emphasized. The classification which we have 
evolved from this study is presented in Table 
I. The incidence of each of these types in our 
series is indicated in the table. 

This classification resembles, in many re- 
spects, that proposed recently by Rawson and 
his colleagues, although our work was done 
without knowledge of theirs. The validity of 
both studies seems enhanced by the similarity 
of the conclusions from each. No useful pur- 
pose would be served here by an extended 
comparison of our series to theirs, or to that 
of other fine studies in the past (7, 15, 23, 29). 

Mixed tumors. Characteristically a mixed 
tumor is composed of two groups of cells. 
One group comprises well differentiated epi- 
thelial cells, with regular, round, dark nuclei, 
without prominent nucleoli, arranged in 
acini, cords or sheets, or on occasions com- 
pressed into irregular masses. Nests of squa- 


TABLE I.—-HISTOPATHOLOGIC CLASSIFICATION 
OF PAROTID TUMORS 


. Mixed tumors (71.8)* 
. Carcinomas (21.1) 
A 


. Cylindroma (4.7) 

. Adenocarcinoma (7.5) 

>. Squamous cell carcinoma (1.8) 

. Carcinoma, undifferentiated (4.0) 
=. Mixed carcinomas 

1. Mixed adenocarcinoma and squamous cell 
carcinoma (0.1) 

2. Mixed mucus-producing adenocarcinoma and 
squamous cell carcinoma (mucoepidermoid 
carcinoma) (2.6) 

F. Malignant melanoma (0.4) 

. Sarcomas (0.4) 
A. Sarcoma, unclassified. (0.3) 
B. Angiosarcoma (malignant hemangio-endotheli- 

oma) (0.1) 

. Mixed carcinoma and sarcoma (0.5) 
A. Mixed adenocarcinoma and sarcoma (0.4) 
te ay squamous cell carcinoma and sarcoma 
O.1 
. Adenomas (1.0) 
A. Ordinary adenoma (0.6) 
B. Oncocytic adenoma (0.4) 
. Lymphocytic tumors (1.5) 
. Papillary cystadenoma lymphomatosum (Warthin’s 
tumor) (2.0) 
. Miscellaneous (1.7) 
A. Lipomas (0.7) 
B. Simple cysts (1.0) 
C. Neurofibroma (0) 


*Numbers in parentheses indicate the percentage of 
proved cases in this series. 


mous cells or epithelial pearls may be seen oc- 
casionally (Fig. 1). The second group of cells, 
or so-called second element of a mixed tumor, 
consists of cells which have the appearance of 
connective tissue cells, being either spindle 
cells or stellate cells, usually with abundant 
intercellular mucoid material (Fig. 2). Some- 
times this intercellular material resembles 
cartilage (Fig. 3), and occasionally it may cal- 
cify. Rarely, the second element may consist 
of the spindle cells without the intercellular 
mucoid material. Mitotic figures are lacking 
in both elements. 

There is a small group of tumors, roughly 5 
per cent of all mixed tumors, in which the so- 
called second element cannot be identified in 
the sections studied (Fig. 4). One might pre- 
fer to call these ‘adenomas with the epithel- 
ium of a mixed tumor.”’ However, since their 
epithelial element is identical with that seen 
in mixed tumors and since their clinical be- 
havior is similar to that of mixed tumors, we 
feel it preferable to include them under this 
group. It is probable that serial sections of 
these tumors would allow the discovery of the 
second element in a high percentage of them. 

In our experience, the occurrence of a re- 
gion of cylindroma, adenocarcinoma, or other 
tumor type, along with elements of a mixed 
tumor, imparts to the tumor in question the 
behavior not of a mixed tumor but of the more 
active component. Thus among our cylindro- 
mas and other carcinomas are a few tumors 
which have, in addition, regions of mixed 
tumor. The clinical course of these has been 
entirely comparable to that of similar tumors 
without regions of mixed tumor. We do not 
subscribe, for this reason, to the view that 
these should be classified as mixed tumors. — 

Carcinoma. Carcinomas of the parotid 
gland may be subdivided into the following 
groups. 

Cylindroma is composed of round, regular 
cells with uniform nuclei and without promi- 
nent nucleoli, arranged in tubules or in a 
“Swiss cheese” pattern of rounded holes of 
irregular size (Fig. 5). These rounded spaces 
occasionally contain mucus. There is fre- 
quently a hyalinized, occasionally mucoid 
intercellular material forming a matrix be- 
tween the cell groups. 
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Adenocarcinoma consists of neoplastic cells 
whose appearance and arrangement suggest 
origin from glandular epithelium (Fig. 6). 
There is considerable variation from one 
tumor to another as to the appearance of the 
cells. They may be small, dark cells infiltrat- 
ing through the tissues as a scirrhous adeno- 
carcinoma. On the other hand, they may con- 
sist of large cells with large nuclei and promi- 
nent nucleoli, exhibiting pleomorphism, and 
arranged in alveoli or in anastomosing cords 
and strands. A few of the carcinomas are 
papillary in their growth. Some of the adeno- 
carcinomas consist of cells with a very clear 
cytoplasm. 

There is a small group of adenocarcinomas, 
13 in our series, composed of cells which dis- 
play mucus. This may be intracellular, with 
the cells having a signet-ring appearance, or 
there may be pools of extracellular mucus in 
acinar spaces. There are occasionally papil- 
lary regions in these. The clinical behavior of 
these cases is that of ordinary adenocarcino- 
mas. ' 

Squamous cell carcinoma consists of cells 
showing keratinization, occasionally pearly 
body formation, and growing in clumps and 
sheets as do squamous cell epitheliomas in 
other parts of the body (Fig. 7). 

Carcinoma, undifferentiated, consists of 
anaplastic cells which have an appearance 
suggesting epithelial origin rather than con- 
nective tissue origin, but which have no char- 
acteristics allowing their identification as ade- 
nocarcinoma cells or epidermoid carcinoma 
cells (Figs. 8 and g). These cells may be large 
with abundant cytoplasm and prominent 
nucleoli, they may be small dark cells, or the 
cells may show great variation in size and 
shape in a given region. Mitotic figures and 
multinucleated cells are common. 

Mixed carcinomas contain both adenocar- 
cinoma and squamous cell carcinoma in an 
intimate admixture. A subgroup of these, the 
mixed mucus-producing adenocarcinoma and 
squamous cell carcinoma, have been properly 
emphasized by Stewart, Foote, and Becker, 
who have called them ‘‘mucoepidermoid car- 
cinomas”’ (Fig. 10). These consist of neo- 
plastic cells, resembling those of glandular 
epithelium and arranged in many instances in 


Fig. 1. Mixed tumor, showing, in addition to the usual 
structures, nests of squamous cell epithelium. This does 
not affect the prognosis. X 135. 


acini, associated with varying amounts of 
mucus; and of neoplastic cells having the 
characteristics of cells of squamous cell epi- 
thelioma. The adenocarcinoma cells are us- 
ually tall columnar ones filled with mucus, 
whose nuclei are basal, and sometimes flat- 
tened. There are, in addition, nearly always 
extracellular pools of mucus. In contrast to 
others (26, 30), we were unable to identify 
characteristics which would consistently al- 
low the separation of this group of tumors into 
a benign and a malignant subdivision; in our 
opinion they must all be considered carcino- 
mas, although their clinical course is more 
favorable than that of other carcinomas. 


Fig. 2. Mixed tumor, with epithelial elements and a 
“second element” which has the appearance of mucoid con- 
nective tissue. The cells are regular, and mitotic figures are 
not seen. X05. 
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Fig. 3. Mixed tumor, showing characteristic epithelial 
element and a “second element,” which in this instance is 
mainly cartilage. Xgo. 


Malignant melanoma is, in the parotid 
gland as elsewhere in the body, a neoplasm 
in which the cells can be identified as pro- 
ducing melanin. 

In any of the carcinomas, necrosis and 
hemorrhage, which indicate a poor prognosis, 
may occasionally be seen. Perineural lymph- 
atic involvement and invasion of surrounding 
structures may be identified in some, their 
presence again denoting an unfavorable out- 
look. 

Sarcomas. Sarcoma, unclassified (Fig. 11), 
consists of spindle-shaped cells sometimes ar- 
ranged in whorls, in which mitotic figures can 





Fig. 4. Mixed tumor, in which no “second element” can 
be identified. The epithelium, somewhat different from 
that in Figures 1, 2, and 3, is still characteristic of that 
seen in many mixed tumors, with small regular cells ar- 
ranged in anastomosing cords and strands and showing no 
histologic evidence of malignancy. X75. 





Fig. 5. Cylindroma. The “Swiss cheese” appearance, 
so characteristic on low power examination of the section, 
is diagnostic of this type of carcinoma. X65. 


be seen. Since’ our tumors lacked collagen 
formation, we are not justified in calling them 
fibrosarcomas. 

Angiosarcoma consists of neoplastic cells 
with mitotic figures in which the cells appear 
to be forming blood vessels. 

Mixed carcinoma and sarcoma. These tu- 
mors may show mixtures of either adenocar- 
cinoma and sarcoma (Fig. 12), or squamous 
cell carcinoma and sarcoma (Fig. 13). The 
sarcomatous elements in these tumors appear 
to be forming the stroma of the tumor. 

Adenomas. There are two types of adeno- 
mas. The ordinary adenoma is composed of 





Fig. 6. Photomicrograph of section of an adenocar- 
cinoma. The anaplastic cells, showing a tendency to form 
alveoli, are diagnostic of adenocarcinoma in the parotid 
gland, as elsewhere in the body. In some parotid adeno- 
carcinomas, these alveolar spaces are filled with mucus. 
X105. 
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Fig. 7. Squamous cell carcinoma of parotid gland. Xgo. 


regular cells, with sharp nuclei and small or 
imperceptible nucleoli, in orderly glandular 
arrangement, without evidence of invasion. 
The cells and their arrangement strongly re- 
semble those in the acini of the normal paro- 
tid gland and do not resemble the epithelial 
cells of a mixed tumor. 

These “‘ordinary”’ adenomas, probably aris- 
ing from the acinar cells of the parotid gland 
(9), are no doubt very rare, and the literature 
with respect to them is conflicting. In our 
opinion, their accurate identification is fraught 
with difficulty, and great care must be used in 
interpreting the histopathology of tumors sus- 
pected of being adenomas. Other tumors sim- 
ilar to ours have been reported (12). 





Fig. 8. Carcinoma, undifferentiated. The cells are pleo- 
— ic, the nuclei tend to be large with prominent nu- 
cleoli, and mitotic figures may be seen. There are no 
features which would allow the classification of this tumor 
as an adenocarcinoma or squamous cell carcinoma. X 105. 
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Fig. 9. Carcinoma, undifferentiated. 110. 


Oncocytic adenoma or oxyphilic granular 
cell adenoma of the parotid gland (20) is com- 
posed of rather large, regular cells with abun: 
dant eosinophilic cytoplasm which is granular, 
and a small round or oval nucleus (1, 10, 11). 
They are arranged in sheets or in anastomos- 
ing cords with a tendency toward the forma- 
tion of alveoli. Ducts are markedly reduced 
in number or are absent within the tumor. 
There are no invasive features, and mitoses 
are not seen (Fig. 14). 

Lymphocytic tumors. These are discrete 
parotid tumors composed of a monotonous 
array of lymphocytes, with occasional germi- 
nal centers and areas of reticulum cells (Fig. 
15). Some authors might term these tumors 
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Fig. 10. This photomicrograph is of a section from a 
tumor of the subgroup of mixed mucus-producing adeno- 
carcinoma (shown in lower portion of the section) and 
squamous cell carcinoma, so-called mucoepidermoid carcin- 
oma. X65. 
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Fig. 11. Sarcoma, unclassified, of the parotid gland. 
The spindle cells, in which an occasional mitotic figure is vis- 
ible under high power, constitute diagnostic criteria. X75. 


instances of a localized form of ‘“Mikulicz’ 
disease” or ‘‘Mikulicz’ syndrome.” The tu- 
mors should not be considered examples of the 
latter, in our opinion, since they were discrete 
unilateral parotid tumors, and the patients 
simply did not have the syndrome as it was 
originally described (21). Mikulicz’ disease 
has been defined (27) as Mikulicz’ syndrome 
in which there is no demonstrable etiologic 
factor. Patients with these discrete lympho- 
cytic tumors do not meet this definition. 
Further, the entire subject of Mikulicz’ syn- 
drome has been greatly confused (31). This 
syndrome and “localized forms” of it have 
been considered by some (22) to be a form of 
lymphoblastoma; Mikulicz thought the syn- 
drome was due to chronic inflammation. 

We prefer to avoid any terms connoting the 
origin or underlying nature of these growths, 
and to refer to them merely as lymphocytic 
tumors. Their histopathologic structure is 
quite constant, one to the next, in our exper- 
ience. We have not found a detailed histo- 
logic study of their structure in the literature. 

Papillary cystadenoma lymphomatosum 
(Warthin’s tumor, 32). This tumor is papillary 
and cystic in structure, the epithelial cells 
being as a rule tall columnar cells, occasionally 
containing mucus, and occasionally resting on 
cuboidal epithelial cells, thus forming a double 
layer. The cells have an eosinophilic cyto- 
plasm. Mitotic figures and anaplasia are not 
seen. Scattered through the tumors are var- 


iable amounts of lymphocytic elements (Fig. 
16). These vary from scant lymphocytic in. 
filtration to true lymphoid tissue with ger. 
minal centers (16). 

Some consider certain papillary mucus-pro- 
ducing malignant tumors to be malignant 
Warthin’s tumors. We prefer, as noted pre- 
viously, to classify these as adenocarcinomas. 

Miscellaneous. Lipomas are recognizable by 
the usual criteria. Those included in this 
series were actually within the parotid gland. 

Simple cysts are either without recogniza- 
ble epithelial lining or with a lining consisting 
of very flattened epithelial cells. Care was 
taken to assure ourselves that these could not 
be identified as in fact cystic mixed tumors by 
examining the wall carefully for any such 
tissue. 

Neurofibromas do occur in the parotid 
gland, probably originating from branches of 
the facial nerve. We did not happen to have 
any in this series studied, although we have 
subsequently seen one. 


CLINICAL FEATURES 


Parotid tumors, both mixed tumors and the 
more uncommon varieties, may occur at 
nearly any age. Mixed tumors have been seen 
by us in the second decade of life; they may 
first appear in the sixth and seventh decades 
of life. They are most common, however, in 
the fourth and fifth decades. Carcinomas and 
sarcomas may, again, appear at nearly any 
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Fig. 12. Mixed adenocarcinoma and sarcoma. Under 


high power, mitotic figures can be identified in this stroma. 
X75- 
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age (13). A malignant, metastasizing and 
fatal parotid tumor has been reported in an 
infant aged 15 months (19). 

A mixed tumor may have been present only 
a few months or for many years when the 
patient presents himself for treatment. How- 
ever, a history of a long-standing tumor is no 
safeguard against its being of very serious 
character. As an example, all but 6 of the 29 
patients with carcinoma, undifferentiated, had 
had their tumors 3 years or less when they 
came to the clinic. However 1 man, aged 72 
years, stated he had noted his tumor for 50 
years and that it had been growing slowly for 
several years. At operation he had an undif- 
ferentiated carcinoma of the parotid gland 
with metastases to cervical lymph nodes. He 
died 2 years later of his cancer. Another in 
this same group had had his tumor 35 years, 
1 twenty-five years, 1 ten years, and 2 eight 
years before coming to the clinic. 

Mixed tumors have, characteristically, a 
rubbery consistency. They may on occasions 
be cystic, and are occasionally hard. Carcino- 
mas and sarcomas have a tendency to be 
harder than mixed tumors, but these may on 
occasions be cystic. Mixed tumors are usually 
movable, unless they are recurrent or very 
large. Carcinomas and sarcomas have a 
greater tendency to become fixed to surround- 
ing structures. 

Paralysis of all or a portion of the facial 
nerve in a patient with a previously untreated 
parotid tumor is an ominous sign. In none of 





Fig. 13. Mixed squamous cell carcinoma and sarcoma. 
X75. 
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Fig. 14. Oncocytic adenomas. The large, regular cells, 
arranged in cords and tending to form alveoli in places, 
have an eosinophilic cytoplasm. X85. 


the 317 patients with primary mixed tumors 
was there facial palsy, although many of these 
tumors were very large. Yet of the 20 patients 
with previously untreated cylindromas, 5 had 
partial or complete facial palsies when first 
seen. Four of the 24 patients with previously 
untreated adenocarcinomas had facial paraly- 
sis. This can be considered, then, a nearly 
unequivocal sign of a malignant tumor, if it is 
present. Its absence does not rule out malig- 
nancy, however. 

Pain in the region of the tumor is likewise 
suggestive of a serious type of lesion (5). In 
our series a small number of the patients with 
mixed tumors (29 out of the 513) noted pain 
in the affected side, but it was a dull pain and 
did not constitute a major complaint, except 
in 2 instances. In both the tumor lay very 
deep and was tightly wedged up against the 
base of the skull. In contrast, 10 of the 34 
patients with cylindromas complained of pain, 
as did 14 of the 54 patients with adenocar- 
cinomas, 4 of the 13 patients with squamous 
cell carcinomas and 11 of the 29 patients with 
carcinoma, undifferentiated. In these cases, 
the pain was usually of considerable severity. 

Thus it is obvious that the most important 
fact concerned with the clinical evaluation of 
patients with parotid tumors is that there is 
no single feature, or combination of features, 
which allows identification of the type of 
tumor in a given case. This means, in our 
opinion and that of others (7), that every 











Fig. 15. Lymphocytic tumor. Note the sea of lympho- 
cytes, the germinal center, and the nests of peculiar large 
pale cells which are characteristic of these tumors. X75. 


parotid tumor, regardless of its duration, size, 
consistency, or other features, should be re- 
moved, examined, and further treated accord- 
ing to its histopathologic characteristics. 


LOCAL RECURRENCE 


An important consideration in the treat- 
ment of mixed tumors of the parotid gland is 
the incidence of local recurrence. As pre- 
viously noted we divided our cases of mixed 
tumors (exclusive of those without a “‘second 
element’) into those which were . primary 
when first seen at the clinic (317 cases) and 
those which were recurrent after treatment 
elsewhere (167 cases). The incidence of local 
recurrence was then calculated for each group. 


TABLE II.—LOCAL NONRECURRENCE RATES 
OF MIXED TUMORS 





Percentage of traced patients 








Trac- free of local recurrence by the 
Total ed end of 
pa- pa- 
tients} jfents 
- 3 y¥.| 5 yr. |10 yr.|15 yr.|20 yr.|30 yr. 
Mixed tumors, pri- 
mary 317 | 289 | 93-6 | 89.6 | 83.0 | 77.5 | 72.4 | 67.7 





Mixed tumors, re- 
current 167 | 147 | 81.1 | 73.5 | 64.5 | 50.0T 





Mixed tumors, with- 
out the “second 
element” 29 25 | 87.6 | 78.8 | 60.5 





























*Traced patients for whom recurrence or nonrecurrence was known. 
Comparison of these figures with those of Table III shows that for a few 
patients for whom survival or nonsurvival was known data on recurrence 
or nonrecurrence could not be obtained. 

tThe 23 patients in this group known to be without recurrence at the 
end of 15 years did not develop a recurrence in the period traced, vary- 
ing from 16 to 30 years. 


Fig. 16. Papillary cystadenoma lymphomatosum. War- 
thin’s tumor. This tumor is papillary and cystic in struc- 
ture. X40. 


In Table II are presented the data on this 
matter. It is important to note that the longer 
follow-up periods produced a higher incidence 
of local recurrence than the shorter periods. 
It is also significant that those cases in which 
the lesion was recurrent when first seen by us 
have a considerably higher incidence of further 
recurrence than the primary cases. Further, 
of those patients of the primary group who 
had a recurrence and a second excision of the 
recurrent lesion here or elsewhere (37 cases) 
37.8 per cent had a second recurrence within 
a relatively short follow-up period.. Because 
of this relatively short period we feel that this 
is a minimal figure. Likewise, of those pa- 
tients who had recurrent mixed tumors when 
first seen here and who had after treatment 
here another recurrence which they subse- 
quently had cared for (35 patients), 34.3 per 
cent developed a third recurrence, again a 
minimal figure because of the short term 
follow-up. 

The local nonrecurrence rate of mixed tu- 
mors without the second element, both pri- 
mary and secondary cases being grouped to- 
gether, is also presented in Table II. This is 
merely to show that their behavior is that of 
a mixed tumor. 

Our experience has been similar to that of 
others (7) in that we found no evidence that 
successive recurrences of mixed tumors ac- 
quire progressively a more malignant histo- 
pathologic pattern. 
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TABLE III.—SURVIVAL RATES OF PATIENTS WITH PAROTID TUMORS 


































































































Percentage of traced patients surviving 
Proved Traced 
cases patients 
| 3 yr. 5 yr. Io yr. 15 yr. 20 yr. 

Mixed tumors, primary | 317 2096 | 96.8 95.7 89.0 81.9 75.7 
Mixed tumors, recurrent | 167 149 98.7 97-3 95.2 80.9 74.5 
Mixed tumors, without a “second element” | 29 27 | 92.6 92.6 77.8 77.8 48.5 
Carcinoma 

Cylindroma | 34 33 | 84.8 78.7 aro ' 28.3 

Adenocarcinoma | 54 49 | 56.9 40.8 27.1 13.1 

Squamous cell carcinoma 13 12 | 58.3 58.3 58.3 58.3 20.7 

Carcinoma, undifferentiated 29 26 41.2 32.3 27.7 18.2 

Mixed adenocarcinoma and squamous cell carcinoma | I I Footnote 1. 

Mixed mucus-producing adenocarcinoma and squamous| 

cell carcinoma (mucoepidermoid carcinoma) 19 18 | 4.4 83.3 * 

Malignant melanoma 3 3 Footnote 2. 
Sarcoma 2 

Sarcoma, unclassified 2 2 Footnote 3. 

Angiosarcoma I I Footnote 4. 
Mixed carcinoma and sarcoma | 

Adenocarcinoma and sarcoma | 3 3 Footnote 5. 

Squamous cell carcinoma and sarcoma | I I Footnote 6. 
Adenoma, ordinary | 4 4 Footnote 7. 
Adenoma, oncocytic 3 3 | Footnote 8. 
Lymphocytic tumors II It | Footnote 9. 
Papillary c¥stadenoma lymphomatosum 14 10 | Footnote ro. 
Miscellaneous ’ 5 

Lipoma 5 5 All patients alive 
Simple cyst 7 7 All patients alive 








*Fourteen patients survived 5 years. There were no further deaths of 
I patient 20 years. 
Footnote 1. Patient died in ninth postoperative year with extensive local 


the traced patients, 6 patients being traced 9 years, 2 patients 14 years, 


recurrence. 


Footnote 2. 1 patient died 13 mo. postoperatively; 2 patients alive and well, 8 yr. and 4 yr. postoperatively. 
Footnote 3. 2 patients died of extensive local recurrence, 1 in the seventh and i in the third postoperative year. 


Footnote 4. Patient died in the fourth postoperative year of extensive loc 


al recurrence and cervical spinal metastases. 


Footnote 5. 2 patients died of their tumors in first and sixth postoperative years. 1 patient alive and well 19 years postoperatively. 
Footnote 6. Patient died in second postoperative year of extensive invasive local recurrence. _ / 
Footnote 7. 2 patients alive without recurrence, 29 yr. and 6 yr. postoperatively. 2 patients died without recurrence, 18 yr. and 17 yr. postopera- 


tively. 


Footnote 8. 3 patients alive without recurrence, 12, 5, and 4 yr. postoperatively. 
Footnote 9. 2 patients died of unrelated causes, in eighth and fifth postoperative years. 9 patients are alive, 20 yr., 14 yr., 12 yr., 11 yr. after op- 


eration in 1 case each; 5 yr. in 3 cases; 4 yr. in 2 cases. 
Footnote ro. All patients alive, from 3 to 17 yr. postoperatively. 


Local recurrences of carcinomas and sar- 
comas are so intimately concerned with sur- 
vival rates that they will be mentioned under 
discussion of this latter subject. There were 
no recurrences of the ordinary adenomas or the 
oncocytic adenomas, the follow-up peried 
varying from 4 to 29 years. 

In the group of 11 lymphocytic tumors 2 
patients had small local recurrences which 
disappeared following irradiation. In the 
group of papillary cystadenoma lymphoma- 
tosum, there were 10 traced patients, in 4 of 
whom recurrences developed from 1 to 3 years 

= 


postoperatively. All were satisfactorily treat- 
ed by simple excision of the recurrent lesion. 
Interestingly enough, in 1 of these 10 patients 
a second Warthin’s tumor developed later on 
the opposite side. There were no recurrences 
in any of the cases classified under the mis- 
cellaneous group. 


METASTASES AND SURVIVAL RATES 


Mixed tumor. The survival rates for all 
patients in this study are presented in Table 
III. A comparison of the survival rates of 
patients with mixed tumors with those ob- 
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TABLE IV.—IPSILATERAL CERVICAL LYMPH NODAL METASTASES OF PAROTID TUMORS 
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Cases with regional cervical nodal metastases 



























































sae : Occurring later with Occurring later with 
Total At original operation original growth original growth Total 
cases controlled not controlled 
7 Per cent of Per cent of Per cent of Per cent of 
No total No. total No. total No. tota 
Mixed tumors (primary and recur- 
rent 513 ° —_ ° —_ I 0.2 I 0.2 
Carcinomas 
Cylindroma 34 2 5.9 2 5.9 4 11.8 8 23.6 
Adenocarcinoma 54 6 II.1 3 5.6 | 8 | 14.8 | 17 31.5 
Squamous cell carcinoma 13 3 93:3 I 7-2 | 3 | 23.1 7 53.9 
Carcinoma, undifferentiated 20 8 27.6 2 6.9 3 10.3 13 44.8 
Mixed adenocarcinoma and squa- 
mous cell carcinoma I I 100.0 ° _ ° _ I 100.0 
Mucoepidermoid carcinoma 19 ° = I 5.3 I 5.3 2 10.6 
Malignant melanoma 3 ° =: ° —_ ° — ° — 
Sarcomas 3 ° —- ° ne ° -- ° | — 
Mixed carcinoma and sarcoma 4 ° _ ° _ ° —_ | ° | _ 























tained from a normal population (United 
States Life Tables) of the same average age 
shows little difference (8). Thus one may 
conclude that the life expectancy of such pa- 
tients is about normal. This fact suggests that 
these tumors are rarely killing growths. Asa 
matter of fact, of the 296 traced patients who 
had primary mixed tumors only 4 patients to 
our knowledge have died of their tumor. Three 
of these died from extensive uncontrolled local 
recurrence with invasion of the pharynx and 
base of the skull; the fourth had many ex- 
tensive recurrences over a period of 16 years 
and finally succumbed to uncontrolled local 
recurrence associated with metastasis to the 
cervical lymph nodes, the last proving to be 
squamous cell epithelioma microscopically. 
Of the 149 traced patients who had recurrent 
mixed tumors, only 3 died definitely of their 
mixed tumors, all with extensive invasive local 
recurrences. The survival figures for the 
mixed tumors without the second element 
again support the contention that these are 
actually mixed tumors. In this series there 
were no metastases from a mixed tumor, ex- 
cept in the 1 case noted previously. 
Carcinoma. The slow but relentless growth 
of cylindromas has been emphasized very well 
by Quattlebaum, Dockerty, and Mayo in a 
previous publication from the clinic. This is 


again reflected in our survival figures (Table 
III). The relentless nature of this growth is 
well illustrated by one of our patients who 
died of her cylindroma 22 years after the first 
operation for it. In the majority of instances 
a local recurrence of this disease means an 
eventual fatality although in 4 patients having 
had such a recurrence, the recurrences have 
been successfully controlled to date. A few 
patients in this group have died because of 
distant metastases with good control of the 
primary growth, but this is not the usual 
course of events. 

In Table IV it will be seen that the cylin- 
dromas have a marked tendency to metasta- 
size to the cervical lymph nodes. Also in 
29.4 per cent of our cases pulmonary metas- 
tases have developed. 

The more rapid progression of adenocar- 
cinomas is reflected in the survival rates of 
these patients (Table III). However, 1 of our 
patients is alive 18 years after her operation 
but is dying of local recurrence and distant 
metastases. The majority of deaths in this 
group are associated with an extensive in- 
vasive recurrence and distant metastases. As 
is noted in Table IV, in 31.5 per cent of our 
cases cervical nodal metastases occurred at 
one time or another. In 13 per cent pulmonary 
metastases developed. Occasionally there 
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TABLE V.—COMPARISON OF LOCAL RECURRENCE RATE OF LARGE MIXED TUMORS 
WITH THAT OF ALL MIXED TUMORS (PRIMARY) 








Total Percentage of traced patients showing 
patients Teaeeed local recurrence by the end of 


patients 





ws ore 


3 yr. 


5 yr. 


Io yr. 





Mixed tumors (primary), all cases 


317 


289 


6.4 


10.4 


17.0 





Mixed tumors (primary), 5 cm. or more in diameter! 





45 





39 





2.8 





8.7 





8.7 











were distant cutaneous metastases and metas- 
tases to the spinal column and liver. 

The data from our small group of cases with 
squamous cell carcinoma indicate the malig- 
nant nature of this lesion (Tables III and IV). 
There was a greater tendency for these lesions 
to metastasize to the cervical lymph nodes 
than was the case for the cylindromas and 
adenocarcinomas. Death in these cases was 
featured by local invasive recurrences and 
regional metastases. There were no distant 
metastases. 

The highly malignant nature of carcinoma, 
undifferentiated, is reflected in the survival 
rates for patients with this lesion (Table III). 
There is again a marked tendency to cervical 
lymph nodal metastasis on the side involved 
(Table IV), but there were no pulmonary 
metastases in this group. Metastases to the 
spinal column and distant cutaneous sites 
were noted on occasions. Extensive local re- 
currences with regional and some distant 
metastases were usually the cause of death. 

As noted in Table III, the 1 patient with a 
mixed adenocarcinoma and squamous cell 
carcinoma died of his disease. The mixed 
mucus-producing adenocarcinoma and squa- 
mous cell carcinoma (mucoepidermoid car- 
cinoma) is, in our experience, a malignant 
tumor but one with a considerably more 
favorable prognosis than the foregoing types 
(Table III). There were in this group a much 
smaller number of regional nodal metastases 
(Table IV), and in this group a number of 
local recurrences were satisfactorily treated 
and did not become fatal. As noted earlier, 
we were unable to establish criteria allowing 
the prediction of the benignancy or malig- 
nancy of a given mucoepidermoid carcinoma. 

Malignant melanomas within the parotid 
gland seem to behave as do such melanomas 


elsewhere. 


Sarcoma. Both patients with sarcoma, un- 
classified, of the parotid gland died with ex- 
tensive invasive local recurrences. The 1 
patient with an angiosarcoma died of his 
disease. 

Mixed carcinoma and sarcoma. The survival 
table reflects the poor prognosis of these 
lesions, which is as one would expect. 

Adenomas. There were no fatalities due to 
recurrence associated with either group of 
adenomas, the follow-up period varying from 
4 to 29 years, with 4 of the 7 patients traced 
more than 10 years. 

Lymphocytic tumors. As is noted in Table 
III, none of the patients with a lymphocytic 
tumor died of the disease. Thus our evidence 
indicates that such tumors do not usually 
recur in a locally invasive manner nor do they 
metastasize or progress to generalized lympho- 
blastoma. It is to be noted that in our original 
selection of cases we eliminated those with 
generalized lymphoblastoma in which there 
was secondary involvement of the parotid 
gland. 

Papillary cystadenoma lymphomatosum. In 
our experience these have been benign tumors. 
As mentioned earlier, cases which others 
might classify as “‘malignant papillary cysta- 
denoma lymphomatosum”’ we feel are better 
termed ‘“‘adenocarcinomas.”’ 

Miscellaneous tumors. The lipomas and 
simple cysts have not affected the general 
well-being of the patient. 


TREATMENT 


Mixed tumors. It is our opinion that pri- 
mary mixed tumors of the parotid gland are 
best treated by complete excision. Some (14, 
28) feel that lobectomy or total parotidectomy 
is essential to accomplish this. Bailey has 
made a particularly logical and forceful argu- 
ment for radical resection, frequently by 
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subtotal or total parotidectomy, for all mixed 
tumors of the parotid gland. In our opinion, 
however, adequate local excision, done with 
good exposure, is satisfactory for primary 
mixed tumors, since their prognosis is good as 
regards life expectancy. This spares the 60 
or 70 per cent of patients who are not going 
to have a recurrence the risk of damage to the 
facial nerve. It has been stated that partic- 
ularly large mixed tumors have a greater 
tendency toward local recurrence than smaller 
ones, and should thus receive total parotidec- 
tomy as their treatment. That this has not 
been our experience is shown in Table V. 

We believe that recurrent mixed tumors on 
the other hand should be attacked aggres- 
sively, since their recurrence rate is definitely 
higher than that of the foregoing group. An 
extensive wide local excision should be carried 
out, which may in certain locations require 
the use of surgical diathermy. In many cases 
in this group, total parotidectomy may well be 
necessary. On occasions this may profitably 
be supplemented by the interstitial use of 
radon seeds. 

We and others (3, 25) have noted that mixed 
tumors do on occasions respond to external 
irradiation, and its supplementary use in 
treatment of all recurrent mixed tumors is 
worthy of consideration. In certain small 
fixed recurrences of a known mixed tumor, the 
growth may be satisfactorily controlled by the 
implantation of radon seeds into the tumor. 

Carcinoma. In our opinion, all types of 
carcinomas of the parotid gland are best 
treated by a radical excision combined with a 
radical dissection of the nodes and node-bear- 
ing fascia of the neck on the involved side. 
There are two possible points of controversy 
here. One concerns the necessity of total 
parotidectomy in this group; this operation 
has been done at the clinic on occasions since 
1916 (2). It may be wise to do this as a routine 
in this group of cases but even more important 
would seem to be radical excision of other 
tissue contiguous with the tumor itself. The 
second point of possible controversy is the 
dissection of the regional lymphatics. We feel 
that the incidence of nodal involvement jus- 
tifies an attack on these, and that the occa- 
sional occurrence of an involved node in the 
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midcervical region without involvement of the 
more proximal nodes justifies the radical noda!| 
dissection rather than merely resection of the 
upper deep jugular and submaxillary groups. 
The place of irradiation for these tumors is 
unsettled, although dramatic results have 
been reported following radiation therapy of 
certain of these malignant lesions. It is prob- 
ably advisable to employ postoperative irra- 
diation in all these cases, recognizing that its 
value is difficult to assess. Selected cases 
which are inoperable may be benefited, al- 
though probably not cured, by irradiation. 
It is only fair to note that the proper place 
of radiation in the treatment of parotid tu- 
mors in general awaits further study. 
Sarcomas. Radical wide excision of the tu- 
mor and all surrounding tissues must be done 
in these cases. There seems no rational indi- 
cation for the addition of a dissection of the 
regional lymphatics here. 
Mixed carcinoma and sarcoma. These de- 
mand the same treatment as do carcinomas. 
Adenomas, lymphocytic tumors, papillary 
cystadenoma lymphomatosum, miscellaneous 
group. Adequate local excision of the tumor 
suffices for these cases. 


COMMENT 


The surgical pathologist must carry a heavy 
responsibility in the management of patients 
with parotid tumors. Fresh frozen sections at 
the time of operation are essential in order 
that the histopathologic nature of the tumor 
may be known and may thus guide definitive 
therapy. The surgeon must be prepared to 
interpret the histopathologic diagnosis in 
terms of the prognostic implications and must 
then recognize the indications for the various 
surgical procedures available. His thorough- 
ness in performing these will then determine, 
to a great extent, the chances for cure of the 
lesion under attack. 
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INCOMPATIBLE BLOOD TRANSFUSIONS WITH EMPHASIS 
ON ACUTE RENAL FAILURE 


E. E. MUIRHEAD, M.D., Dallas, Texas 


NCOMPATIBLE blood transfusions oc- 
cur as a consequence of rare isoimmuni- 
zations and human errors. Acute renal 
failure, its major complication, is not as 

fatal as formerly considered when judicious 
principles of water and electrolyte balance are 
used in its management. This report, dealing 
with various features of the subject, is based 
on 37 incompatible blood transfusions of 
which 21 were reported earlier. 

Reactions to incompatible blood, which de- 
pend primarily on intravascular hemolysis, 
vary considerably in their clinical manifesta- 
tions. It has been recorded that an infusion 
of incompatible blood may, very rarely, evoke 
no reaction (24). Ordinarily two types of re- 
actions occur. The first type, which may be 
termed a minor incompatible reaction, after 
the suggestion of Wiener (25), is character- 
ized by a chill, followed by fever lasting 4 to 
8 hours, generalized complaints, and no evident 
hemoglobinuria or lasting sequelae (Fig. 1). 
The second type, the major incompatible re- 
action, is characterized by a chill, fever of 2 to 
5 degrees, generalized complaints, hemoglo- 
binemia, hemoglobinuria, and renal failure. 

Unless a determined effort is made to iden- 
tify the incompatibility, the minor reaction 
may be overlooked, as there is a natural 
tendency to consider these episodes as ordinary 
pyrogenic reactions. In patients receiving 
multiple transfusions, frequent chills and fever 
should be checked for minor incompatibilities 
as these may herald a major incompatibility 
with renal failure. 

The intravascular hemolysis results from 
antibodies in the recipient’s plasma which at- 
tack and destroy the infused red blood cells.! 


From the Department of Pathology of the Southwestern 
Medical School of the University of Texas and Parkland Hospi- 
tal, Dallas, Texas. 

1Rarely when ‘“‘universal” type O blood with a high titer of 
anti-A and B substance is given to an A, B, or AB recipient, the 
recipient’s red cells are destroyed. The use of Witebsky’s type 
specific substance in such bloods makes it relatively safe from 
this standpoint(12). 


Among the factors which seem to influence 
the reaction are the type and concentration of 
the antibodies. A low antibody titer tends to 
elicit the minor form of reaction. The anti- 
bodies may not be perceptible when saline 
suspensions of erythrocytes are used in the 
cross-match. The technique proposed by El- 
liott using concentrated albumin in the cross- 
match or the use of the indirect Coombs’ test 
(6, 10) tends to demonstrate such incompati- 
bilities. A discussion of these procedures is 
beyond the scope of this presentation. 

The present group of 37 cases includes 9 
instances of the minor type of incompatibility 
(a 24.3 per cent incidence). Several patients 
had multiple reactions of chills and fever be- 
fore the incompatibility was demonstrated 
either directly or by the Coombs’ test. Likely 
these earlier reactions were of incompatible 
type also. 

The clinical features and the treatment of 
patients with a major incompatibility may be 
divided into two categories: (1) the reaction 
and its immediate consequences, and (2) acute 
renal failure. A tabulation of the various re- 
actions in the present series is given in Table I. 
There were 28 patients with major reactions of 
whom 2 died in shock and 24 developed acute 
renal failure. There were only 2 instances of 
hemoglobinuria without evidence of renal 
failure. This means that hemoglobinuria was 
almost tantamount with renal failure in this 
series. 


THE REACTION AND ITS IMMEDIATE 
CONSEQUENCES 


In the conscious patient, the incompatible 
or hemolytic reaction has a violent onset with 
a chill, fever, and subjective complaints. The 
chill may last from a few to 45 minutes and 
the temperature elevation varies between 2 
and 6 degrees Fahrenheit (average 4 degrees 
F.). The peak of the fever is reached within 1 
to 2 hours and is followed by recession to pre- 
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Fig. 1. The changes in the oral temperature and radial 
pulse due to a minor type of incompatible blood transfusion 
reaction. Shortly after 500 cubic centimeters of blood were 
received the patient had a severe chill followed by an ele- 
vation of temperature from 98 to 102.8 degrees F. and a 
tachycardia of 100. The temperature receded to the normal 
level within 8 hours and the pulse within 16 hours. The 
incompatibility was demonstrated to be of Rh (D) type, 
no evident hemoglobinuria or lasting complications de- 
veloped. The antibody titer in the recipient was low. 


injection levels within 4 to 8 hours. This 
phase of the reaction resembles closely an 
ordinary pyrogenic reaction. More than half 
of the patients experience in addition appre- 
hension, generalized tingling sensations, mus- 
cular cramps, severe backache, cyanosis, men- 
tal cloudiness, and hypotension. Unless com- 
plicated by blood loss, the hypotension is 
usually short-lived. In the event of blood 
loss, shock may persist for hours depending 
greatly on the degree of blood replacement by 
compatible transfusions. 

The unconscious patient may not demon- 
strate these violent features. This is particu- 
larly true of patients under a general anesthe- 
tic. The present series contain 6 instances in 
which incompatible blood was given during 
the course of a general anesthetic. - Four of 
these patients received 500 cubic centimeters 
and 2 received 1,000 cubic centimeters of in- 
compatible blood. The larger quantities of 
blood received made these cases serious. On 
such occasions, one may have only one clinical 
suggestion of an incompatibility, namely the 
development of a hemorrhagic tendency. 
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Fig. 2. This graph depicts variations in the duration of 
the oliguria and the time interval for the maximal level of 
diuresis to occur in different patients recovering from renal 
failure following incompatible blood. Milder forms of 
renal failure, naturally, have an early diuresis, but there is 
no correlation between the severity of renal failure and the 
volume of urine or the salt lost during the diuresis. Thus, 
example J represented a mild form of renal failure, but the 
diuresis reached levels of 12,000 cubic centimeters of urine 
per 24 hours by the 6th day. Failure of replacement of such 
volumes leads to grave complications. Generally, the 
phase of low urinary volume (oliguria) lasts 5 to 8 days and 
the phase of high urinary volume (diuresis) reaches a 
maximum in 8 to 12 days. 


Nine patients (24.3 per cent of the total) in 
this series developed a hemorrhagic state 
during or following the transfusion. All of 
these patients had major incompatibilities, 8 


TABLE I.—TYPES OF REACTIONS AND SURVIVAL 
AFTER ACUTE RENAL FAILURE 


No. Per cent 
Incompatible blood transfusions. ..... . 37 
s ‘Minor reactions (chill and fever only) 9 24.3 
Major reactions (chill, fever, 
hemoglobinuria)................. 28 75-7 
Hemoglobinuria: no sequelae. ..... 2 5-4 
De Se ee ee 2 5.4 
Acute renal failure............... 24 64.9 
Acute renal failure 24 
Treated conservatively............. 18 
SNOW eg Sere ont 985.550 <92 ee 14 77-7 
Received excess fluids.............. 6 
Sere reer cre: 2 30 
WOE GIONS <5 <5 coven sscdcce, 16 66.6 
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Fig. 3. The changes in the blood urea concentration in 
the patients represented by Figure 2 are demonstrated. In 
general, there is no correlation between the degree of 
oliguria (and severity) and the level of the blood urea con- 
centration. Case V had a maximal diuresis on the eight- 
eenth day but the highest blood urea level was 200 milli- 
grams per cent, whereas Case JV had a maximal diuresis on 
the thirteenth day and a blood urea level of 475 milligrams 
per cent. Case J, the mildest of the series, had a maximal 
urea level of 66 milligrams per cent. Too many variable 
factors influence the concentration of urea or nonprotein 
nitrogen in the blood for one to use them as guides to 
severity or course. During the early part of the diuresis 
relatively greater amounts of water over solutes are lost 
via the urine, and unless this water is adequately replaced 
the blood urea may be elevated further for a while before 
falling (see Case JV). 


survived the hemorrhagic state and developed 
renal failure, while 1 died directly as a result of 
hemorrhages. It appeared that the hemor- 
rhagic state was associated with the infusion 
of larger volumes of incompatible blood, 
namely 380 cubic centimeters in 1 case, 500 
cubic centimeters in 5, and 1,000 cubic centi- 
meters in 3. Five of these subjects were under 
a general anesthetic when the blood was given. 
Multiple blood transfusions became manda- 
tory for all of these patients in an attempt to 
cope with the hemorrhagic shock or post- 
hemorrhagic anemia. 

The clinical course of this group demonstrat- 
ed the troublesome nature of the hemorrhagic 
state. Three patients received the incompat- 
ible blood for postpartum hemorrhage and 
continued to bleed from the uterus. One was 
eventually controlled by uterine packing after 
a period of shock (Table II, Case 8). One not 
only bled from the uterus but developed sub- 
cutaneous suggillations and had a prolonged 


interval of shock which was a serious threat 
(Table II, Case 1). The third postpartum 
patient eventually succumbed to the bleeding. 
This last patient (Table II, Case 17) received 
1,000 cubic centimeters of incompatible blood 
and oozed from the uterus for 8 days during 
which time 15 pints of blood were given. 
Uterine curettement, hot saline irrigation of 
the uterine cavity and uterine packing were 
unsuccessful in coping with the hemorrhage. 
Finally a hysterectomy was performed. The 
patient succumbed on the next day and at 
autopsy a large hematoma was found in the 
pelvis, although all major vessels appeared to 
be adequately tied with sutures. 

Five surgical patients developed the hemor- 
rhagic state. The rapid development of the 
tendency to bleed was demonstrated by the 
profuse oozing of blood either during or short- 
ly after the transfusion, a feature commented 
on by each surgeon. One patient remained in 
shock after a hysterectomy for fibroids; the 
abdomen was reopened and a hematoma was 
found in the pelvis. Bleeding was finally 
stopped by this direct approach. Another 
patient, who had a thoracoplasty, continued 
to ooze profusely from the wound for 24 hours 
and had to be returned to the operating room 
in order to pack the wound more securely. An 
older man (Table II, Case 15) bled for 2 days 
from a colostomy and exhibited a prolonged 
interval of hypotension. The fourth patient 
bled copiously during and after a spinal fusion. 
Hypotension was marked for 7 hours, during 
which time 4,000 cubic centimeters of compat- 
ible blood were given; shock appeared to be 
controlled. An additional copious hemorrhage 
occurred 18 hours postoperatively and the 
demise was rapid. The fifth surgical example 
of this type led to the identification of the 
incompatibility. A patient received 500 cubic 
centimeters of incompatible blood during a 
thoracoplasty and bled extensively. An im- 
mediate check revealed a regrettable type of 
error whereby the patient, who was of Type O 
received Type A: blood (Table II, Case 9). 
One liter of compatible blood was immediately 
given and the bleeding was subsequently con- 
trolled. 

The ninth patient with a hemorrhagic state 
bled actively from the gums only. 
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TABLE II.—SUMMARY OF 18 PATIENTS TREATED CONSERVATIVELY FOR RENAL FAILURE 
FOLLOWING INCOMPATIBLE BLOOD 


(These represent consecutive patients 


managed by author during 4 years) 






















































































Vol. in- Oliguria} Oliguria | Oliguria | Urine Urine Height ane 
* . comp. <I00 <500 <1000 | <2000 Sp. gr. . . . urea 
Case|Age|Sex} Diagnosis | }i54q | | Incomp. Shock | “ie oe PPS oa oliguria bre ~~ mgm. %| Remarks 
c.c. s INo.days|No. days|No. days|No. days a —day 
1*| 23 | F | Postpartum 380 | Rh+toRh— }|++++ 5 8 9 10 1.008 gooo 475 Recovered 
hemorrhage (D to d) 13th 8th 
2*| 20 | F | Pregnancy, 100 A: too + I 2 3 5 1.010 7000 153 Recovered 
pyelitis 7th 6th 
3*| 30 | F | Metrorrhagia 350 | Rh+toRh— > 6 10 10 12 1.009 3500 227 Recovered 
(D to d) 13th 13th 
4*| 20 | M | Normal anti- too | Rh+toRh— ° ° 2 7 7 1.010 a 90 Recovered 
ly donor (D to d) and 
5*| 46 | M | Bleeding pep- | 500 | Rh+toRh— ° ° ° 4 4 — — -- Recovered 
tic ulcer (D to d) 
6**| 47 | M | Bleeding pep- | 100 Not > 2 6 6 8 1.006 7800 220 Recovered 
tic ulcer identified t2th oth 
7**| 42 | F | Hysterectomy| 500 AtoO ° ° I 4 6 1.011 3300 300 Recovered 
8th oth 
8 | 28 | F | Postpartum 500 AtoO +h pp 2 6 8 8 _ 5000 390 Recovered 
hemorrhage 11th oth 
9 | 4t | M | Tuberculosis, 500 Ai toO ++ ° ° 2 — I.010 3000 208 Recovered 
thoracoplasty 8th 6th 
1o | 26 | M | Aplastic 500 Rh ° ° ° ° I 1.010 12000 66 Recovered 
anemia Etoe 6th grd 
tr | 23 | F | Anemia, 200 Not ++++ 3 4 5 5 — 7100 200 Recovered 
pregnancy identified t1th 5th 
12 | 9 | M | Sickle cell 500 Not +t 6 7 8 9 1.006 3000 349 Recovered 
anemia identified 14th oth 
13 | 42 | F | Hyperthyroid-| 500 Not ° 7 12 16 20 1.013 2700 186 Recovered 
ism, anemia identified 21st 14th 
14 | 19 | F | Incomplete 100 AtoO ° 3 7 10 Ir 1.009 4500 308 Recovered 
abortion 18th 12th 
15 | 60 | M | Abd.-perineal 500 Not fet 4 16 16 16 1.012 None 400 Died— 
resection, identified 17th day 
hemorrhage Not 
16 | 30] F | Salpingo- 200 Ai to B ° 2 9 9 9 — None 184 Died— 
oophorectomy oth day 
17 | 23 | F | Postpartum tooo | Rh+toRh— |++++ I 9 9 9 1.010 None 440 Died— 
hemorrhage (D to d) 5th oth day 
18 | sr | F_ | Carcinoma of 500 Not ° 4 8 8 8 — None 310 Died— 
breast with identified 8th day 
pulmonary 
metastases 


























*Reported (16). **Reported (17). 


The cause of the hemorrhagic state is un- 
known. The clotting time is prolonged follow- 
ing experimental anaphylactic shock (14) and 
also in experimental hemolysis (13, 20), but 
whether these disturbances are related to in- 
compatible reactions in humans is not known. 
Allen’s heparin-titration test was used on 4 of 
our patients and yielded results compatible 
with either an increase in circulating heparin- 
like substance (2) or a sensitivity (5) to he- 
parin. Accordingly, toluidine blue, an anti- 
heparin compound, was given intravenously 


Other cases (8 to 18) previously unreported. 


to these patients (100 to 200 mgm. in 500 c.c. 
of 5 per cent dextrose in 30 to 60 minutes). 
One patient exhibited a transient decrease in 
the uterine bleeding but bled subsequently; 
possibly an insufficient amount of the dye was 
given. Another who had almost stopped 
bleeding, ceased bleeding altogether when the 
dye was administered. Two patients who were 
bleeding profusely stopped bleeding during 
the infusion of 200 milligrams of toluidine 
blue and the Allen titration test reverted to 
normal. These observations are too sketchy 





738 


SURGERY, GYNECOLOGY AND OBSTETRICS 


650} 110 








& 
° 
1 



























“ 
/ “s : 
- Plasma HCO. :< 
8 : ii 
3 5 ee 
g 5907 100/- J.5£ 155° 
‘ ¥ 2 Plasma 1 g $ 
E £ cr Js| ¢ 
8 E 4 E rs) 
@ 530 90} +420 8444 
4 a 
URINE 4 
SP.GR. 1.009 1.009 1.010 1.006 1.007 1.012 4 
475+ 80} ee ae ae ae ee ae a ae ee ee a 15 428 
5000 rs 
4000}- -|400 
5 
13) - 4 x 
e ° 
& a 
2 3000}- +300 £ 
. & i § 
CG} » 
> 5 
0 2000} {200 
3 8 
i L 7 «a 
1000}- 100 
g " \, eee eo Om eane, 7 
{ eee ae ee a a 
¢ 4 8 12 16 20 24 28 
Days 


Fig. 4. This patient (Table II, Case 14) received 100 cubic centimeters of incom- 
patible blood at zero time. At that time there was an anemia due to bleeding from 
the uterus resulting from an incomplete abortion. A violent reaction with hemoglobin- 
uria and renal failure occurred. Depicted in the figure are changes of the readily deter- 
mined and clinically significant factors during the conservative management. First, 
the blood urea concentration was rapidly elevated to 270 milligrams per cent in 7 days 
and reached a peak of 308 milligrams per cent by the twelfth day, receding thereafter 
and reaching the normal by the twenty-third day. Second, the oliguria was severe for 
10 to 12 days, thereafter giving way to the diuresis which reached a maximum by the 
18th to 20th days. Third, the plasma bicarbonate concentration (CO2 combining power) 
was lowered gradually to 18.6 milliequivalents per liter (40 vols. per cent) by the roth 
day and thereafter returned to normal; and the plasma chloride concentration followed 
a similar pattern, with a low level of 84 milliequivalents (497 mgm. per cent NaCl) by 
the ninth day. Fourth, the water intake was maintained above the urinary output 
by an amount between 500 to 1,000 cubic centimeters per 24 hours. Until the 8th day 
5 grams of sodium chloride and 4 grams of sodium bicarbonate were given. Between 
the 8th and 13th days 20.5 grams of sodium chloride and 10 grams of sodium bicar- 
bonate were given, and between the 13th and 21st days 56 grams of sodium chloride 
and 28 grams of sodium bicarbonate were given. During this latter period the patient 
was on a general diet containing additional salt. Thereafter, she was allowed to de- 
cide her own intake. 





to have definite meaning, and at best, can 
only be considered as leads suggesting further 
trial of this approach. Since the bleeding may 
be a major complication of the reaction and 
since it resembles the bleeding of certain 
known immunogenic conditions, adrenocorti- 
cotropic hormone (ACTH) should be given a 
therapeutic trial in its management. 


Death attributed to shock following an in- 
compatible transfusion occurred twice in this 
series (5.2 per cent). One patient, previously 
mentioned, died apparently as a result of the 
hemorrhagic state. The second, aged 70 years, 
became comatose and attempts to control the 
peripheral circulatory failure were unsuccess- 
ful. Coronary insufficiency was suspected. 
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Fig. 5. This patient, aged 9 years, received 500 cubic centimeters of incompatible 
blood at zero time (Table II, Case 12). The antibody titer was low and the chill did 
not occur until about 45 minutes after the transfusion. Hemoglobinuria, the hemor- 
rhagic state and renal failure were evident. Recovery followed a pattern of events 
similar to those depicted in Figure 4. It will be noted, however, that the insensible 
water loss was not adequately replaced between the roth and 15th days, which may 
account for the failure of the blood urea level to recede toward normal levels as rapidly 





as in Figure 4. Recovery was eventually apparently complete. 


Management of the immediate aspects of 
an incompatible reaction consists mainly of 
the treatment of shock, the allaying of appre- 
hension, and the control of blood loss when 
such exists. Peripheral circulatory failure 
usually results from blood loss. Additional 
blood transfusions may be exceedingly im- 
portant. When the incompatibility is readily 
identified, additional blood can be given with 
confidence. We have given up to 15 pints of 
blood for this purpose without hesitation and 
usually have been gratified. When the in- 
compatibility is not readily identified, blood 
transfusions become more difficult. Under 
these circumstances, the state of the patient 
has to be relied upon for this decision. In the 
event of further blood loss or persistent shock, 
blood transfusions have been given by using 
the indirect Coombs’ test as a means for ad- 
ditional matching of the donor blood. The 
Coombs’ test has been gratifying, in our ex- 
perience, in all but 1 instance in which all 
blood given was hemolyzed. In this test the 


donor’s cells are incubated with the patient’s 
serum, and after the proper wash, Coombs’ 
serum is added. A lack of agglutination in- 
dicates the absence of all forms of antibodies 
against the donor red cells. It is to be re- 
membered that this is an emergency proce- 
dure, under desperate circumstances, and re- 
liance is given it despite the knowledge that the 
incompatible blood may have removed most, 
if not all, of the available circulating anti- 
bodies in the patient. 

Apprehension is allayed with sedation and 
subsequent reassurance. The hemorrhagic 
state, when pronounced, has been poorly con- 
trolled. Further information is needed on 
this question. For the present, it is proposed 
to give greater amounts of antiheparin sub- 
stances, as toluidine blue, according to Allen’s 
recent suggestions (1), and to test the effect 
of ACTH. 

RENAL FAILURE 

The present group of 37 incompatible blood 

transfusions includes 28 (75 per cent) major 
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Fig. 6. Each of the patients represented received 500 cubic centimeters of incom- 
patible blood during a period of blood loss and hypotension. Both developed the bleed- 
ing tendency. The patient depicted in A (Table II, Case 8) recovered after a major 
complication, pulmonary embolism and infarction. Because of the pulmonary edema 
following the embolism, the water intake was purposely markedly curtailed. Despite 
this, after a short interval of decreased urinary volume lasting 2 days, the diuresis 
continued at a high level (near 4,000 c.c. per day). This example demonstrates the 
fact that the kidneys will excrete water and salts at a high level during the diuresis 
regardless of the intake even though a grave depletion of body fluid occurs. 

In Part B the course of a fatal case is demonstrated, the patient apparently dying in 
unrelenting renal failure (Table II, Case 15). Notice that the blood urea concentration, 
having reached a maximal level, remained fixed throughout the course. The urinary 
output remained low throughout and death occurred on the 17th day. It is our opin- 
ion that this is the type of case that should have a trial with one of the artificial 
measures, peritoneal irrigation or the artificial kidney, for the removal of waste prod- 
ucts. Such a measure could have been delayed until the interval between the roth 





and 15th days. 


incompatibilities. Twenty-four developed renal 
failure for an over-all incidence of 65 per cent. 
However, 92 per cent of the patients showing 
hemoglobinuria and surviving the immediate 
reaction developed evidence of renal failure 
(Table I). 

The ultimate cause of the renal damage is 
not known. Experimental (27) as well as 
clinical observations on hemoglobinuria have 
demonstrated the seeming innocuous nature 
of uncomplicated hemoglobinuria. Most pa- 
tients receiving incompatible blood and ex- 
hibiting hemoglobinuria have complications, 
as blood loss, an operative procedure or a 
severe anemia. Experimentally mild renal 
damage plus hemoglobinuria evokes renal 
insufficiency (26) which may be an explana- 
tion for the common occurrence of renal 
failure following incompatible blood. The re- 


nal injury evokes morphologic changes that 
correlate well with the clinical course. During 
the first 3 to 4 days the tubules show signs of 


- degeneration, focal necrosis and varying num- 


bers of casts. Regeneration becomes evident 
by 4 to 6 days and well advanced by 8 days to 
12 days. In 3 to 4 weeks the tubules resemble 
the normal state. 

The clinical course of patients with acute 
renal failure may be divided into three phases 
(16, 17, 19). Phase x (the shock phase) is 
characterized by hypotension. Clinical shock 
of varying degrees was observed in 55 per cent 
of the patients experiencing a major reaction 
and renal failure. This is also the phase dur- 
ing which the hemorrhagic state is most 
troublesome. The shock phase lasts, at most, 
for a few hours. Phase 2 is the phase of renal 
insufficiency. Renal failure becomes evident 
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within 24 hours by the occurrence of azotemia 
and oliguria. The blood urea is elevated by 
50 to 100 milligrams per cent within 24 hours. 
It continues to rise and reaches a peak of 200 
to 500 milligrams per cent ordinarily in 5 to 9 
days, following which it tends to remain fairly 
level until death or recovery (Figs. 3 to 6). 
There may be anuria (no urine) for 1 to 3 days 
but ordinarily oliguria (decreased urinary vol- 
ume) is present. The duration of the oliguria 
varies and may be used as a clinical gauge of 
the severity of the renal failure. When pro- 
gress is satisfactory the oliguria is lessened 
each day, that is, the urinary output every 24 
hours increases (Figs. 2 to 6). Renal failure 
remains evident usually until the urinary out- 
put exceeds 2,000 cubic centimeters per day 
because the specific gravity of the urine and 
the concentration of the dissolved waste prod- 
ucts are low during this period. When recov- 
ery occurs a diuresis of 3 to 12 liters develops 
(Table II and Fig. 2). It is customary for the 
oliguria to last 5 to 10 days. During this in- 
terval pathologic ingredients such as albumin, 
casts, red and white blood cells are observed 
in the urine in decreasing quantities. 

The oliguria is not only associated with 
azotemia but also certain departures in the 
electrolyte composition of the plasma (Fig. 7). 
Two changes should be emphasized since they 
involve readily measured substances that may 
have therapeutic implications. Acidosis is 
evident, particularly when the oliguria is pro- 
nounced for 5 days or more. The carbon 
dioxide combining power of the plasma may 
decrease slowly to 35 volumes per cent (16 
mEq./L), or less. The plasma chloride con- 
centration is also likely to decrease. In our 
experience it seldom decreases below 80 to 85 
mEq./L. during the oliguria unless there has 
been an outward loss of sodium chloride as 
through diarrhea, vomiting, or excessive 
sweating. The acidosis results primarily from 
the accumulation of organic acids, sulfate, 
and phosphate (the R of Fig. 7). A decrease 
in serum sodium concentration (hyponatre- 
mia) accompanies the hypochloremia. Certain 
possible explanations for the lowering of the 
concentration of the sodium and chloride ions 
include loss through the small quantities of 
urine or into the bowel; dilution of the extra- 
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Fig. 7. The figure demonstrates the most common pat- 
tern of. the electrolyte concentration of the plasma ob- 
served during the course of the conservative management 
of acute renal failure. For comparison the normal pattern 
is shown. After 5 to 8 days of renal failure under this 
management there is usually a decrease in the osmolar 
concentration of the plasma (extracellular fluid). This 
osmolar dilution, the cause of which has not been thoroughly 
elucidated, is associated with a decrease in sodium chloride, 
and bicarbonate concentration. At the same time, phos- 
phate, sulfate, and organic acids (R) are elevated. The 
use of sodium bicarbonate is based partly on the decreased 
sodium concentration. 


cellular fluid by an excess intake of water; and 
the shift of these ions into cells or other com- 
partments. What mechanism is most impor- 
tant in this phenomenon remains to be con- 
clusively demonstrated. Phase 3 is the phase 
of recovery and has two subdivisions. The 
diuresis marks the beginning of recovery. 
Ordinarily it occurs between the fifth and 
twelfth days (see figures). The maximum 
daily urinary volume in our experience has 
varied between 3 and 12 liters. The quantity 
of sodium chloride in the urine during the 
period of diuresis has varied between 0.5 and 
4.4 grams of sodium chloride per liter (average 
2 gm./L.). During the same period the quan- 
tity of potassium in the urine, expressed as 
KCl, has varied between 0.5 and 2 grams per 
liter (average 1.2 gm./L.). After the diuresis 
there is a period of convalescence lasting 1 to 
6 months during which the renal function 
reverts to its former state. 

The conservative management of renal failure. 
The conservative management appears to 
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Fig. 8. This figure reveals the relationship of the concentration and total output 
of sodium chloride and urea in the urine during the oliguria and diuresis (cases in Table 
II-A Case 7, B Case 6, C Case 2, and D Case 1). Since the columns represent the daily 
urinary volume and the lines the concentration, multiplication of these two yields the 
total daily urinary output. The fact that marked variations in concentration and 
output of chloride and urea occur between patients is emphasized. In A is depicted 
a milder form of renal failure associated with a low salt concentration and output and 
a high urea concentration and output during the diuresis. The trend for the elevation 
of the urine urea concentration during the diuresis is shown by the other examples. 
In general, there is a tendency for the urinary chloride concentration to remain fairly 
stable in individual examples, but the level varies between low, medium, and high val- 
ues. Cases C and D lost relatively large amounts of sodium chloride in the urine during 


the diuresis. (12 to 35 grams daily). 


offer the most optimistic prognosis for the 
acute renal failure of the “lower nephron 
nephrosis” type. Although general rules for 
this form of management can be stated, there 
is no specific routine that satisfies every pa- 
tient. Three variables occur periodically. 
First, the insensible loss of water (skin and 
lungs), not a constant quantity, is greater 
during the hot months; moreover, active 
sweating may add much to the volume of 
fluid lost. Second, sodium chloride, which is 
lost from the body in negligible amounts dur- 
ing the oliguria, may be lost in considerable 
quantities during active sweating, diarrhea, or 
vomiting. Fortunately, diarrhea and vomit- 
ing are uncommon with the conservative re- 
gimen. Third, there may be a marked varia- 
tion between patients in the sodium chloride 
concentration and excretion in the urine dur- 
ing the diuresis. 


Phase 1: The shock, usually due to blood 
loss, is treated with additional compatible 
transfusion, by use of the indirect Coombs’ 
test as the main cross-matching procedure. 
For the hemorrhagic state, until more is 
known about its cause and treatment, tolu- 
idine blue and ACTH are suggested. 

Phase 2: The success of the management 
during the low urinary output (oliguria) fre- 
quently depends on the scrupulous adherence 
to certain principles. (1) Concerning water, 
for the adult 1,000 cubic centimeters of water 
is given every 24 hours to cover the insensible 
loss of water via the lungs and skin and to 
this amount is added a volume equal to the 
previous 24 hour urinary volume. (2) Con- 
cerning acidosis, it is undesirable to allow 
acidosis to reach a level conducive to an in- 
crease in rate and depth of the respirations. 
The acidosis becomes prominent after the fifth 
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day, at which time there is also a decrease in 
plasma sodium concentration (hyponatremia). 
Accordingly, when the carbon dioxide com- 
bining power has fallen below 35 volumes per 
cent we have given 4 to 6 grams of sodium 
bicarbonate in divided doses of 1 gram per 
hour. The total dose has varied between 10 
and 30 grams of sodium bicarbonate over 4 to 
8 days. (3) Concerning sodium chloride, with 
the development of acidosis, the plasma 
chloride concentration is usually decreased 
(hypochloremia). A hypochloremia between 
80 and go milliequivalents per liter is not un- 
common. Clinical experience has demonstrat- 
ed that this degree of hypochloremia does not 
hinder renal recovery, and accordingly, we do 
not attempt to increase the chloride concen- 
tration at these levels. A plasma chloride con- 
centration below 80 milliequivalents per liter 
has usually indicated an external loss of so- 
dium chloride (sweating, vomiting, diarrhea). 
Below this level we give 100 cubic centimeters 
of 3 per cent sodium chloride or 350 cubic 
centimeters of normal saline, once or twice 
daily, as part of the fluid intake for those 
days. (4) Concerning diet, Borst and Bull, 
Jackes, and Lowe have demonstrated that 
diet of normal caloric content but lacking 
protein is followed, within a few days, by a 
marked decrease in the production of waste 
products (urea and N.P.N.). Snapper has 
reviewed this subject. Bull and coworkers 
considered that the survival of the extreme 
forms of renal failure could be prolonged by 
the dietary approach. These workers used a 
formula consisting of 100 grams of peanut oil, 
400 grams of dextrose, the daily vitamin re- 
quirements, emulsified to 1 liter with acacia 
(tweens 80 or 20 may be used). This volume, 
containing 2,500 calories, was given through 
a tube in the stomach as a continuous drip. 
This is a sound procedure and should be 
attempted, although patients, on occasions, 
wretch and vomit making the procedure diffi- 
cult. (5) Concerning an excessive loss of 
sodium chloride, active sweating and occasion- 
ally vomiting or diarrhea may be the source of 
a substantial loss of sodium chloride from the 
body. 

Two complications, the clinical features of 
which are discussed by Moyer, may develop. 
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When water and sodium chloride are lost in 
proportional quantities the skin becomes dry 
and loses turgor, the mouth is dry, there is 
mental lethargy and hypotension. As long as 
these clinical signs are present a balanced 
solution, as Hartman’s solution, should be 
given as fluid replacement. The second com- 
plication results from a relative excess of 
water and is characterized by headaches, 
mental aberrations or coma, muscular twitch- 
ings, salivation and lacrimation, hyperten- 
sion, and a marked decrease in the plasma 
chloride concentration. This so-called ‘‘water 
intoxication” syndrome should be managed by 
a cessation of the pure water intake, and when 
there is no overt edema, by the use of 3 to 5 
per cent sodium chloride (200 to 300 c.c.) or 
1 molar sodium lactate (100 c.c.) solution 
slowly intravenously. (6) Concerning ane- 
mia, anemia may become more pronounced as 
the renal failure progresses. When the cause 
of the incompatible transfusion is known, 
packed or concentrated red blood cells have 
been given until the peripheral hemoglobin 
concentration exceeded 10 grams per cent. 
(7) Concerning the azotemia, during the con- 
servative regimen, with the exception of the 
dietary approach when feasible, no direct 
attempt has been rade to lower the blood 
urea or nonprotein nitrogen level. (8) Con- 
cerning infection, penicillin has been given 
routinely in 4 to % the normal dose. 

Phase 3: The period of high urinary output 
(diuresis) is maintained at a near maximal 
level for 3 to 5 days. Three substances need 
to be replaced at this time, namely water, 
sodium chloride, and potassium. We have 
made it a practice to collect the urine by con- 
tinuous catheterization at this time, as well as 
during the oliguric period. When the urinary 
volume exceeds 5 liters per 24 hours it is 
preferable to resort to either a 12 or a 6 hour 
schedule of replacement, for otherwise serious 
deficits of water and salt may develop tem- 
porarily. A watchful attitude is necessary in 
order to replace the water that is lost in the 
urine and that that is continuously lost by the 
insensible route. Figure 8 demonstrates the 
concentration of sodium chloride and urea in 
the urine, expressed as grams per liter. It is 
noted that the urea concentration is markedly 
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depressed during the oliguric period (10 to 40 
per cent of normal) and is elevated during the 
diuresis (40 to 80 per cent, occasionally roo 
per cent of normal). The urinary sodium con- 
centration has varied markedly between pa- 
tients. Thus, one patient had the urinary 
sodium chloride near 1 gram per liter and an- 
other patient near 4 grams per liter. The total 
amount of sodium chloride in the urine per 24 
hours may vary between 2 and 35 or more 
grams. Although the average figure is near 2 
grams of sodium chloride per liter (or a total 
daily excretion of 6 to 16 grams) no general 
rule can be stated, as the average figure may 
depart significantly from the actual value of a 
single case. Therefore, it is preferable to de- 
termine the chloride concentration of the 
urine’, and to replace sodium chloride accord- 
ing to the determined total loss. Since there 
is no risk of potassium intoxication during the 
diuresis, and the determination of potassium 
is not commonly available, a general rule for 
the replacement of this ion can be utilized. 
According to our figures, the intake of 4 grams 
of potassium chloride for every 3 liters of urine 
makes for a satisfactory replacement.” As 
soon as the patient is able to partake of a gen- 
eral diet, the sodium and potassium intake can 
be placed on a voluntary basis. We have not 
found it necessary to carry on an active 
therapeutic regimen beyond the time when 
the blood urea recedes to the normal level. 

Results. Table II lists the major features of 
18 patients managed conservatively from the 
onset of the acute renal failure following in- 
compatible blood transfusions. The list in- 
cludes consecutive patients seen by the author 
during the past 4 years. The amount of in- 
compatible blood infused was substantial, as 
only 5 patients received less than 350 cubic 
centimeters and ro patients received 500 cubic 
centimeters or more of incompatible blood. 
The type of antigen involved in the incompat- 
ibility was determined on 12 occasions. On 2 
occasions an antibody was demonstrated in 
the patients’ serum but its specificity was not 
identified. All patients had hemoglobinuria 

1When more accurate techniques are not available it is better 
to depend on a rough guide, as the Fantus test (22), than to rely 
on average figures. 


*The KCl is given as a 25 per cent solution, 1 to 2 drams (1 to 
2 gm.) hourly by mouth. 


with or without jaundice and renal failure 
demonstrable within 24 hours. Shock of vary- 
ing degrees, lasting up to several hours, was 
clinically evident in 10 patients. The severity 
of the renal failure in this group is apparent 
from the degree and duration of the oliguria. 
Thirteen patients had a urinary output for 
24 hours of roo cubic centimeters or less for 
from 1 to 6 days. Fifteen patients had a 24 hour 
urinary volume of 500 cubic centimeters or 
less for from 1 to 16 days. All but 1 patient 
had less than 1,000 cubic centimeters of urine 
for from 1 to 16 days. It is considered that 14 
patients had a severe grade of renal failure, 
whereas in 4 it was mild. The level of the 
blood urea was no gauge of the severity or 
duration of the renal failure, as in the severe 
cases it varied between 153 and 475 milli- 
grams per cent. 

The mildest example of renal failure (Case 
10, Table II) was very interesting. A very 
rapid state of diuresis ensued and reached 
12,000 cubic centimeters per 24 hours within 
6 days. The azotemia was mild. The impres- 
sion was gained that the tubular damage was 
mild and resembled the effects of certain 
diuretics. The main problem in this case was 
that of fluid replacement. 

Fourteen of the 18 patients recovered (77 
per cent). Of the severe cases (12 patients), 8 
patients recovered (66 per cent). Of the 4 
fatal cases, 2 patients died in progressive, un- 
relenting renal failure on the ninth and six- 
teenth days. In 2 of the fatal cases complica- 
tions as fatal as the renal failure were present 
—hemorrhages in one and widespread carci- 
nomatosis with dyspnea and cyanosis in the 
other. It is considered, therefore, that only 2 
patients (11.7 per cent) died directly from the 
renal failure. 

Recovery in all instances was associated 
with continuous mental clarity. Despite pro- 
longed intervals of oliguria and azotemia the 
patients were co-operative and well oriented. 
One patient (Table II, Case 15) who died on 
the seventeenth day, was mentally clear on the 
fourteenth day. 


COMMENT 


The average incidence of incompatible 
blood transfusions in this country is not 
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known as there is an insufficient number of 
surveys in the literature. The herein reported 
group occurred in different institutions and 
communities in the Dallas area over a 10 year 
period, and since the total number of transfu- 
sions given during the period of occurrence of 
the incompatibilities is not known, the inci- 
dence cannot be stated. It has become appar- 
ent that the incidence is much higher in those 
institutions where a multiplicity of personnel 
handles the transfusions or where a frequent 
turnover of personnel occurs in the transfusion 
service. These factors are apparent in the 
present group in which avoidable human 
errors accounted for as many incompatible 
reactions as undetected antibodies. The use 
of a colloid medium for the cross-match, as by 
the addition of concentrated albumin, en- 
hances the probability of the detection of in- 
compatibility. When an incompatibility has 
occurred and additional blood appears imper- 
ative, the indirect Coombs’ test has yielded 
the most satisfactory matching procedure for 
the donor’s red blood cells. 

It has become apparent that a pyrogenic 
reaction following a blood transfusion may be 
due to different factors. Among the known 
factors may be mentioned bacterial products 
or pyrogens (11), bacteria themselves, altered 
protein in the giving sets or filters, factors in 
the plasma to which the patient is sensitive 
(7), and minor incompatibilities (25). It re- 
mains to be demonstrated whether factors in 
the buffy coat may evoke such reactions. Re- 
peated chills and fever following blood ‘call for 
a check of all of these possibilities. The minor 
type of incompatibility to red blood cells rep- 
resents only one of several causes of a chill and 
fever. 

The occurrence of the bleeding tendency 
following a major incompatibility, although 
commented on in the literature (24), has not 
been sufficiently emphasized. When the larger 
volumes of incompatible blood are received, 
this complication may be treacherous. More 
information is needed on this feature. The 
influence of ACTH on this type of hemorrhag- 
ic state needs to be tested. 

Acute renal failure, following incompatible 
blood transfusions, responds satisfactorily in 
most instances to the conservative form of 
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management. Only approximately ro per cent 
of our patients succumbed to progressive renal 
failure without other serious complications, 
and these patients were not examined post 
mortem so that the exact circumstances at the 
time of death were not known. It is, there- 
fore, proposed that the conservative regimen, 
which represents a modification of Volhard’s 
treatment, be instituted for at least 10 days 
before other measures, as peritoneal irrigation 
or the artificial kidney, be attempted. 


CONCLUSIONS 


1. Two types of reactions to incompatible 
blood (one minor, the other major) have been 
discussed. 

2. A hemorrhagic state occurred in approxi- 
mately 25 per cent of the present group of 
patients. In patients with open wounds this 
was a treacherous and troublesome compli- 
cation. 

3. The hemorrhagic state was associated 
mainly with the intake of larger volumes of 
incompatible blood (350 to 1,000 c.c.). More 
information is needed on its nature and man- 
agement. 

4. Those clinical features of the renal fail- 
ure having a practical bearing on its manage- 
ment have been discussed. 

5. The conservative management of the 
acute renal failure has been re-emphasized. It 
has been followed by an over-all survival of 
nearly 80 per cent, when initiated at the onset 
of the renal failure. Sixty-six per cent of pa- 
tients with extreme renal failure have sur- 
vived. 

6. Of the 4 fatal cases in the conservatively 
managed group, only 2 patients (11 per cent) 
died of an apparently unrelenting renal fail- 
ure. It remains to be demonstrated whether 
such patients can be saved by the use of peri- 
toneal irrigation or the artificial kidney. 
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OVULATION AFTER UNILATERAL OOPHORECTOMY, 
AS DETERMINED BY ENDOMETRIAL BIOPSY AND 
BASAL BODY TEMPERATURE 


M. JAMES WHITELAW, M.D., Phoenix, Arizona 


ONSERVATION of ovarian tissue in 
women during the childbearing peri- 
od has been indoctrinated into gyne- 
cological training for the past few 

decades. Bonney, Mathews, Marshall, Meigs, 
Dockerty, and many others (1, 10) have all 
underlined the need of preserving these glands. 

During a normal menstrual cycle many fol- 
licles in both ovaries develop to an advanced 
stage (14) under the stimulation of the pitui- 
tary gonadotropins, but only one ruptures. In 
consequence there is production of both es- 
trogen and progesterone which act on the 
whole genital tract, particularly and charac- 
teristically on the fundal portion of the uterus. 
It is well known that women with only one 
ovary can lead normal sexual and reproductive 
lives. Presumably the ovary remaining after 
unilateral oophorectomy assumes all the func- 
tions formerly exercised by both ovaries. Nev- 
ertheless, perusal of the literature has shown 
no positive proof that one ovary can do this. 
The need for clarification is obvious. 

Today normal ovarian function is thought 
to be clinically best recognized by basal body 
temperature curves (4, 6, 13) and studies of the 
endometrial pattern (11, 15). It was decided to 
investigate this problem by these two methods. 


SUBJECTS 


Forty-two unilaterally oophorectomized 
women, all under 30 years of age were the 
subjects of this study. In each, one ovary had 
been completely removed 8 or more months 
prior to the time of this investigation. The 
other ovary, as well as its homologous tube, 


was intact. No control studies of ovarian 
function were made previous to the oophorec- 
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tomy. There was no evidence of pelvic in- 
flammatory disease as could be determined at 
inspection at operation or from the operative 
notes or history obtained. These ovaries were 
removed in several hospitals in three cities by 
various surgeons, including 4 by the author. 
The pathologic findings are as follows: ovarian 
pregnancy, 1; ovarian cyst with twisted 
pedicle, 1; corpus hemorrhagicum perforated, 
1; corpus luteum of pregnancy with normal 
ovary, 1; theca lutein cyst, 1; endometrial 
cyst, 1; dermoid cyst, 3; corpus luteum hema- 
toma with normal ovary, 5; follicular cysts, 28. 

The women were all of private patient status, 
10 were single, 32 were, or had been, married 
and of these, 22 had conceived. Of the 42 
women 41 had been menstruating regularly 
for a minimum of 6 months before investiga- 
tion was instituted. The 1 remaining patient 
previously reported (17) was deliberately in- 
cluded and will be discussed separately. 

The control group of a like number of post- 
partum patients (under 30 years of age) was 
selected at random from the obstetric records 
of Parkland Hospital in Dallas. They were 
delivered 12 to 18 months before this study 
was instituted so that their menstrual cycles 
had had time to return to regularity. Some 
failed to come in for consecutive monthly bi- 
opsies or became pregnant or presented other 
disturbance of the cycle and were excluded. 


METHOD 


During the total length of time of the ex- 
periments, rectal temperatures were taken at 
the same time every morning on arising, by 
both groups. Abnormalities such as colds, 
late hours, and sleeplessness were noted on 
the charts. Endometrial suction biopsies with 
a Novak curette were done no later than 6 
hours after the onset of menstruation. As 
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Fig. 1. Slow rising curve with failure to show so called preovulatory dip—endometrial 


pattern normal secretory type. 


much material as possible was removed, es- 
pecially from the fundal region. A definite 
attempt also was made to procure material 
from the anterior, posterior, and lateral walls. 
Biopsies were performed for a minimum of 4 
consecutive menstrual cycles. One hundred 
and sixty-eight biopsies were performed on 41 
of the unilaterally oophorectomized subjects 


99.0 


of this study and 182 biopsies were done on 
the control group. Half the specimens so ob- 
tained were immediately fixed in 10 per cent 
formalin or Bouin solution, the other half in 
absolute alcohol. The Bouin and formalin 
fixed materials were stained with hematoxylin 
and eosin and the alcohol fixed tissues were 
stained with Best’s carmine for glycogen. 
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Fig. 2. Monophasic curve endometrial pattern showing, however, typical secretory effect. 
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Fig. 3. Basal body temperature of patient from the control group illustrating the 
sharp peaks before the ovulatory rise and the failure to drop preceding this rise and 
the short luteal phase, as well as the failure of the basal body temperature to fall 


on the first day of bleeding. 


RESULTS 


In the oophorectomized series, 164 of the 
168 biopsies revealed typically normal proges- 
tational endometrium characterized by local 
necrosis, polymorphonuclear invasion, and 
well developed predecidua. Three specimens 
showed minimal secretory activity, and one 
failed to reveal any evidence of progesterone 
effect. Two of the patients whose endometria 
had minimal secretory activity had mono- 
phasic curves. There were 3 other monophasic 
basal body temperature curves although the 
endometrial pattern subsequently observed 
from the particular cycle was normal. In one- 
third of the curves no drop was noted previous 
to the rise. In 18 basal body temperature pat- 
terns, there were marked variations from the 
normal as evidenced by a slow 3 to 4 day rise 
or abrupt variations during the luteal phase. 
In 10 curves the preovulatory phase showed 
several sharp peaks (Figs. 1 and 2). 

In the control group 172 endometria were 
considered normal. Two were judged to show 
no evidence of secretory activity and 8 were 
classified as of a mixed type. Both patients 
with no evidence of secretory activity and 3 
of the 8 with endometria of a mixed type ex- 
hibited monophasic basal body temperature 
curves during these particular cycles. Nearly 
one-third of the curves in the control, as well 


as in the study group, failed to show a drop 
just previous to the rise. In ro cycles the rise 
was gradual. In 14 the so-called preovulatory 
phase was characterized by one or two sharp 
peaks. In 8 patients there was a wide varia- 
tion in the curves from month to month 
(Fig. 3). In 6, although there was a mono- 
phasic type of curve, the endometrium re- 
vealed a typical full-blown secretory effect. 

The one patient who did not menstruate 
regularly following unilateral oophorectomy 
developed signs of ovarian insufficiency a year 
after operation. This was characterized by 
menometrorrhagia, hot flushes, and migraine 
headaches. Two endometrial biopsies failed to 
show progestational changes. Her basal body 
temperature curves were monophasic and ir- 
regular throughout. Two years later her peri- 
ods were scanty and irregular. A biopsy done 
at this time revealed a moderate estrogenic 
effect. 

DISCUSSION 

In reviewing the reasons for oophorectomy 
it is deplorable to note that only 6, or 14 per 
cent, of the 42 extirpated ovaries were actually 
pathologic. The others presented minor, and 
clinically insignificant, deviations from nor- 
mal physiologic processes. It is not credible 
that they were responsible for the patient’s 
symptoms. It would seem that normal cyclic 
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anatomic changes are still poorly understood 
by many physicians doing pelvic surgery. 

In a few instances (such as the woman with 
ovarian pregnancy) it may be possible to have 
an anatomically normal appearing ovary 
which, within a short period of time following 
contralateral oophorectomy, gives evidence of 
being unable to meet the full physiologic load 
placed upon it. The medical literature is bar- 
ren concerning this point. Such an analysis is 
undoubtedly needed. 

A comparison of the endometrial patterns of 
the control group with that of the unilateral 
oophorectomized series basically shows no dif- 
ference. Under the particular conditions of 
our experiments, a single ovary was capable of 
normal endocrine response and, in fact, of the 
assumption of the functions formerly shared 
by both. In large series of sterility cases, 
endometrial biopsies have indicated that anov- 
ulatory cycles occur in from's5 to 15 per cent 
(5, 18) of the patients. Most authors consider 

‘the figure to be about 5 per cent in the normal 
fertile female. In our total series of 350 
biopsies it is slightly less than 0.9 per cent. 
In other words, ovulation not only occurred in 
99 per cent of all the menstrual cycles of a 
group of unilaterally oophorectomized women, 
but also inacontrol group of normal puerperas. 

Although there is general agreement be- 
tween the endometrial and basal body tem- 
perature patterns, they do not correlate per- 
fectly. As previously brought out by the au- 
thor (16), a monophasic curve may be present 
with a typical secretory endometrium as well 
as with mixed type, although presumably 
progesterone is present in sufficient quantity. 
It has been contended by Palmer (12) that 
the basal body temperature curves give a true 
picture of ovarian activity. This view cannot 
be completely reconciled with our data, al- 
though we agree that basal body temperatures 
present good evidence regarding ovulation. 


SUMMARY 


1. On the first day of menstruation 168 
biopsies were done on 41 unilaterally oopho- 
rectomized women for 4 consecutive cycles 
and showed 164 with normal endometrium, 3 
with mixed type and 1 with a proliferative 
phase. 


2. In x unilaterally oophorectomized pa- 
tient it was shown that a normal appearing 
ovary may be physiologically inadequate to 
maintain cyclic hormonal balance. 

3. In 182 endometrial biopsies done at the 
same time of the cycle on a control group of 
42 normally menstruating women 172 showed 
advanced secretory endometrium, 8 a mixed 
type, and 2 an anovulatory pattern. 

4. Basal body temperature patterns cor- 
related fairly well with the endometrial picture. 

5. It is possible to have a monophasic curve 
with a secretory endometrium as well as with 
one of the mixed type. 

6. Unusual basal body temperature graphs 
may be seen where the endometrial picture 
reveals no change from the normal. 
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CALF MUSCLE BLOOD FLOW, BEFORE AND AFTER 
OPERATION AND DURING VARIOUS NORMAL 
AND PATHOLOGIC STATES 


HOWARD L. REESE, M.D., ROBERT P. DARROW, M.D., and MILTON L. CULLEN, M.D., 
Philadelphia, Pennsylvania 


HE use of radioactive sodium to 

study the peripheral circulation of 

man was first reported by Smith and 

Quimby. Their method as modified 
by Kety has been used in this laboratory in 
recently reported animal experiments (3). The 
experiments herein reported were done in the 
course of evaluating Kety’s method as a 
means of measuring the muscle circulation of 
man. Initial observations consisted of evalu- 
ating the test in normal individuals and in 
individuals with altered muscle blood flow; 
namely, in exercise and in patients with arter- 
iosclerosis obliterans. 

The method was then applied to the study 
of calf muscle circulation in postoperative 
patients. We were interested in determining 
(x) the effect of operation on calf muscle 
circulation and (2) the possibility of using the 
method to predict postoperative thrombosis 
and embolism. During the course of the study 
some observations on the effect of venous 
ligation and sympathectomy on muscle cir- 
culation were also made. 


METHODS, MATERIALS AND SUBJECTS 


The method of measuring muscle circula- 
tion with radioactive sodium has been fully 
described elsewhere. Briefly it consists of 
measuring with a Geiger Mueller counter the 
rate of disappearance of radioactive sodium 
injected into the gastrocnemius muscle. A 
straight line is obtained by plotting counts 
per minute on semilogarithmic paper. Using 

’ or log C,—C, 
Kety’s formula, K prey weer 
calculates the constant, ‘‘k,” which gives a 
quantitative estimation of effective muscle 


This study was done under contract between the Department 
of the Army and the University of Pennsylvania, Philadelphia. 
From the Harrison Department of Surgical Research, School of 
Medicine, University of Pennsylvania. 


one then 


circulation. A high “k” indicates a rapid 
clearance and a low “k”’ a slow clearance. 

We have made certain changes in the meth- 
od as originally reported by Kety and later by 
Elkin and Cooper. It was originally stated 
that the final background counts per minute 
should be subtracted from the counts in each 
minute after injection. However, a stable 
final background does not occur until approx- 
imately 1 hour and 45 minutes after injection. 
It is not quite clear why this occurs, but it 
may be due to persistent intracellular sodium. 
In order to obtain final background in each 
leg the test would then require over 4 hours. 
We have, therefore, subtracted as background 
the room background plus the counts due to 
returned sodium as judged by the background 
in the opposite extremity. 

With the use of this method of background 
subtraction a straight line is always obtained 
during the first 15 minutes, but it does not 
persist for 30 minutes in most cases. That is, 
the ‘“‘k” of the second 15 minute period is 
usually lower than the “k” of the first 15 
minutes. Moreover, even though the final 
background is subtracted from the counts in 
each minute, a straight line does not persist for 
30 minutes. This fact in our hands obviated 
the experimental procedure of interposing 
changing conditions during a single “‘k”’ de- 
termination, beyond the first 15 minutes. It 
was necessary to record counts for 15 minutes 
because of counting variability. 

The radioactive sodium (Na™) was ob- 
tained in the form of sodium carbonate 
(NazCOs) from the laboratories of the United 
States Atomic Energy Commission in Oak 
Ridge, Tennessee. The sodium carbonate 
(NazCOs) was made into isotonic, iso-osmotic 
sodium chloride (NaCl) by the addition of 
hydrochloric acid (HCI), phenol red indicator 
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Distribution of Normal "K's" 





Fig. 1. Mean “k” of 44 determinations is 0.040, with a 
range of 0.018 to 0.076. 


(pH 7.4), sodium hydroxide (NaOH), and a 
small amount of phosphate buffer of pH 7.4. 
Ten microcuries were diluted to 1 cubic 
centimeter for each injection made with a 
standard 2 inch 22 gauge needle. The tests 
were done at room temperature with the 
patient in horizontal position and after a 1 
hour rest period. Counts were recorded by a 
count rate meter to which was attached an 
Esterline Angus continuous recording am- 
meter. 

The subjects used for determining the 
normal range are patients awaiting surgical 
treatment and patients under medical treat- 
ment in the wards of the University Hospital. 
Ages ranged between 17 and 47 years. The 
peripheral circulation was judged to be normal 
by the absence of clinical symptoms and 
signs. Subjects used for evaluation of exercise 
were young adult male volunteers. The arter- 
iosclerotic group was composed of patients 
awaiting surgical treatment all of whom had 
reduced or absent peripheral pulses and some 
degree of intermittent claudication. 


RESULTS 


1. Normals. The mean “k” of 44 deter- 
minations was 0.040 with a range of 0.018 to 
0.076 as seen in Figure 1. The value of a 
period of 1 hour pretest resting is seen in 
Table I, column B. The mean variation be- 
tween right and left legs in normal individuals 
rested 1 hour was 0.006 as compared with 
0.014 for those done without any specified 
pretest resting. The mean “k’ without rest 
was 0.047 as compared with that of .0416 
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with rest. Even with a half hour of rest the 
mean variation between right and left leg was 
0.017 in 8 determinations. Table I also 
shows the results of 15 “‘k’s” repeated after 
24 hours. The average variation was 0.016 
with a range of o.oor to as much as 0.037. 
The means of 0.037 and 0.039 are approxi- 
mately: the same. 

2. Exercise. In a group of normal indi- 
viduals there is little variability between right 
and left legs and the mean “‘k’s” of the right 
and left legs are equal. In a group of 9 indi- 
viduals, the left leg being used as the control, 
the right leg was vigorously exercised to 
tolerance by plantar flexion against a spring- 
board. The sodium was injected immediately 
after the exercise. The mean “k” of the exer- 
cised gastrocnemius increased from 0.033 in 


the resting left leg to 0.046 in the exercised . 


right leg. In a group of 7 individuals the foot 
was forcefully dorsiflexed by weight lifting. 
The mean “k” of the resting antagonistic 
gastrocnemius decreased from 0.049 to 0.038. 
These results are shown in Table II. 

3. Arteriosclerosis. In a group of 8 patients 
with arteriosclerosis obliterans, the mean of 
12 “‘k’s” was 0.027. Although there is consid- 
erable overlapping into the normal range the 
mean of 0.027 is significantly lower than the 
mean normal of 0.040. 

4. Phlebothrombosis. In Table III are the 
“k’s” of 16 patients with phlebothrombosis. 
Patients number 1 and number 2 had “k’s” 
determined prior to the onset of phlebothrom- 
bosis. The drop in patient number 1 from 
0.038 and 0.048 to 0.023 and 0.032, respec- 
tively, was no greater than the drop in 6 other 
patients who did not develop phlebothrombo- 
sis after operation. Patient number 2 is inter- 
esting in that the “k’s” before and after 
phlebothrombosis were lower than the “k” 
in the presence of the clinical signs of phlebo- 
thrombosis. 

Nine patients, number 2 through number 
10, Table III, had definite signs of phlebo- 
thrombosis. Three patients in this group had 
low “k’s” but the 6 remaining patients had 
normal or high ‘‘k’s.” Of the “k’s” of 4 pa- 
tients (number 2, 7, 8, and 10, Table III) 
repeated in 8 days when the signs and symp- 
toms of phlebothrombosis had subsided, 2 
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TABLE I.—NORMAL ‘‘K’s”’ 







































































A B Cc 
Without rest One hour rest Repeat “k’s” 
7 Left- Left- 

Rt. Left Rt. Rt. | Left | Rt. |Initial/Repeat| Diff. 
0.028 | 0.034 | +6 0.040 | 0.028 | —12 | 0.031 | 0.039 | +8 
0.062 | 0.078 | +16 | 0.064 | 0.064 © | 0.031 | 0.046 | +15 
0.042 | 0.065 | +22 0.041 | 0.045 | +4 | 0.034 | 0.016 | —18 
0.046 | 0.030 —16 0.031 | 0.031 © | 0.031 | 0.020 | —I1r 
0.037 | 0.055 | +18 | 0.041 | 0.034] —7 | 0.045 | 0.052 | +7 
0.024 | 0.031 | +7 0.045 | 0.036] —9 | 0.036 | 0.035 | —1 
0.023 | 0.044 | +21 0.050 | 0.075 | +25 | 0.017 | 0.032 | +15 
0.046 | 0.040 | —6 0.053 | 0.056] +3 | 0.016 | 0.024 | +8 
0.044 | 0.032 —12 0.038 | 0.048 | +10 | 0.020 | 0.057 | +37 
0.097 | 0.036 | —6r | 0.042 | 0.043 | +1 | 0.025 | 0.052 | +27 
0.059 | 0.058 | +1 0.019 | 0.023 | +4 | 0.044 | 0.050} +6 
0.052 | 0.053 | +1 0.031 | 0.028 | +3 | 0.057 | 0.028 | —29 
0.037 | 0.038 | +1 0.047 | 0.051 | +4 | 0.109 | 0.074 | —35 

0.033 | 0.029] —4 | 0.034 | 0.045 | +11 
0.033 | 0.023 | —10 

Mean .047 .0416 0375 | .0395 
Mean variation! .or4 .006 016 




















There is considerable variability between right and left leg “‘k’s” done 
without an hour’s pretest rest (A). With rest (B) the mean variation is 
only .006. Repeat “‘k’s” (C), done on the same leg after 24 hours, havea 
mean variation of .o16. } 
were higher and 2 were lower than the pre- 
vious “k’s” when the signs and symptoms 
were marked. The mean including both ex- 
tremities of each patient was 0.043 and the 
mean of the legs with signs was 0.037. Neither 
of these differs significantly from the normal. 

Six patients, numbers 11 through 16, had 
questionable signs of phlebothrombosis. The 
only low “k” in the group was the 0.023 of 
patient number 11 and this was higher than 
the preoperative “k.” The remainder are 
normal. 

The “k’s” of 4 patients with postoperative 
phlebothrombosis were determined after bi- 
lateral superficial femoral vein ligation. With 
the exception of a low “k” in the left leg of 1 
patient the ‘‘k’s’”’ were normal. 

5. Effect of operation. The results here are 
divided into two groups. In the first group 
the tests were done without any specified time 
of pretest resting and in the second group 
patients were rested for 1 hour. We were 
anxious originally to do determinations on as 
many patients as possible in order to have 
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TABLE II.—THE EFFECT OF EXERCISE ON THE 
CLEARANCE OF SODIUM FROM THE CALF 
MUSCLES 
























































Normal legs Plantar flexion Dorsiflexion 
Right | Left | Regine | Pate | *iete® | tienes 
0.028 0.040 0.018 0.024 0.035 0.036 
0.064 0.064 0.027 0.063 0.059 0.046 
0.045 0.041 0.034 0.039 0.076 0.050 
0.031 0.031 0.026 0.034 0.033 0.021 
0.034 0.041 0.045 0.065 0.060 0.048 
0.036 0.045 0.028 0.061 0.029 0.031 
0.075 0.050 0.056 0.041 0.053 0.037 
0.056 0.053 0.042 0.076 
0.048 0.038 0.025 0.040 
0.043 0.043 
0.023 0.019 
0.028 0.031 
0.051 0.047 
0.029 0.033 

Mean .042 .O41 033 .046 049 .038 




















In normals, the mean “k’s” of the right and left leg are equal. The 
mean “k” increased in the calf muscles exercised by plantar flexion. 
Fo mean “k” decreased in the antagonistic calf muscles with dorsi- 

exion. 


preoperative and postoperative “k’s’”’ on the 
patients who developed phlebothrombosis. 
However, it soon became apparent that there 
was too much variability in the test when done 
without an hour’s rest to make this procedure 
of any value. 

None of the patients in either group had 
clinical signs of phlebothrombosis or had any 
peripheral vascular condition that might have 
changed during the postoperative period. 
There are many influencing factors in the 
postoperative period that might change the 
“k” in one direction or another. Some of 
these are the type of anesthesia used, amount 
of postoperative ambulation, slight tempera- 
ture elevations, altered fluid balance, and the 
postoperative day on which the test was done. 
All of these factors were variable. The two 
constant factors were that all subjects had 
been operated upon, and all had had a certain 
amount of postoperative bed rest. 

In both groups, each with 42 preoperative 
and postoperative determinations, there was 
no significant difference between the preoper- 
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TABLE III.—PATIENTS WITH PHLEBOTHROMBOSIS 


























































































































FI Bn A “k” during | “k” after sub- possessions 
Patient phlebo- sidence of signs 
4 ; thrombosis | and symptoms Rien Homan’s Calf Pulmonary 
Preoperative | Postoperative sign tenderness embolus 
I r. 0.038 0.023 cb 4. 
1. 0.048 0.032 + > + 
2 I. 0.030 0.077* 0.048 ob -t- a Nonfatal 
1. 0.045 0.070 0.065 
3 r. 0.027* “4. Fatal 
1. 0.016* 4 
4 nr — 
1. 0.017* -+ fe + 
5 r. 0.038* oo 4 + 
1. 0.024 
6 r. 0.060 
1. 0.037* ae <f Ax 
7 r. 0.058 0.059 
1. 0.045* 0.056 fe fe Le 
8 r. 0.016* 0.056 + Ss 
1. 0.023 0.061 -[- + + 
9 r. 0.054* + a a 
1. 0.054 
10 I. 0.090 0.083 
1. 0.067* 0.042 a ad + 
II r. 0.015 0.023* + 
1. 0.024 _ 
12 r. 0.019 0.045* + 
1. 0.023 0.035* + 
13 r. 0.042* + 
1. 0.030* + 
14 r. 0.030* + “ae 
1. 0.032* — oe ree 
15 I. 0.047 
1. 0.033* + 
16 r. 0.060* + 
1. 0.047 
Mean—all “‘k’s” 0.043 
—Legs with signs 0.037 























( * = Legs with signs and symptoms ) 


The mean “k” in phlebothrombosis does not differ significantly from the normal. Of 4 ‘‘k’s” repeated after subsidence of chemical signs and 
symptoms (2, 7, 8, 10) 2 were higher and 2 were lower than the previous “‘k’s.” 


ative and postoperative mean as seen in Table 
IV. Individually there was considerable var- 
iation between the preoperative and post- 
operative determinations. Based on the pre- 
operative and postoperative differences of the 
“k’s” of group II a postoperative change 
greater than 0.037 would have to occur before 


it could be considered significant. This repre- 
sents one of the difficulties in the use of the 
test to diagnose phlebothrombosis. However, 
it appeared that those with low preoperative 
“‘k’s” either increased after operation or de- 
creased only slightly. It was thought that if 
the “k’s” in phlebothrombosis were low, it 
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would be in the low “k” preoperative group 
that the test would be of value. However, as 
seen in Table III, many of the cases of phle- 
bothrombosis fell within the normal range. 

6. Sympathectomy. Four patients had “k” 
determinations before and after thoracolum- 
bar sympathectomy and 4 before and after 
lumbar syinpathectomy. The “k” increased 
in each case after thoracolumbar sympathec- 
tomy. After lumbar sympathectomy the “k”’ 
increased in 2 cases and decreased in 2 cases. 

7. Venous ligation. The results following 
superficial femoral vein ligation for phlebo- 
thrombosis are presented above under phle- 
bothrombosis. A Linton operation, superficial 
femoral ligation with saphenous ligation and 
stripping, was done on a patient for a post- 
phlebitic ulcer on the left lower leg. Before 
operation the left leg “k” of 0.027 was mark- 
edly reduced compared to the right “k” of 
0.081. After operation the “‘k’s” were essen- 
tially the same, 0.030 and 0.031. This would 
indicate improvement in the calf muscle cir- 
culation of the left leg. Following vena caval 
ligation for repeated pulmonary emboli in a 
patient the “k” decreased in the extremities 
from 0.039 and 0.046 to 0.021 and 0.032, 
respectively. 

COMMENT 

Our previous experience with this method in 
animals and the results of these studies in 
humans have convinced us that Kety’s meth- 
od does reflect the state of muscle circulation. 
These studies, however, have more clearly 
defined the limitations of the method. It is 
most useful as a group study since there is 
considerable individual variation in both nor- 
mal and pathological states. Repeated “k’s” 
on the same individual may vary as much as 
roo per cent. This variability is probably 
biological and not due to large sources of error 
in the method. There is relatively little differ- 
ence between the right and left leg “‘k’s” of a 
normal individual rested for 1 hour. When 
the “‘k’s” are repeated in a normal subject, 
though there is considerable variation from 
the previous “k’s,” both legs vary in the same 
direction. 

Though the clearance of sodium is not 
strictly a measure of blood flow, the results in 
exercise and arteriosclerosis obliterans paral- 


TABLE IV.—PREOPERATIVE AND 
POSTOPERATIVE “‘K’s”’ 






























































































































































Without pretest With 1 hour pretest 
rest rest 
Number 
Preoperative} Postoper- | Preoperative} Postoper- 
a ative “k” — ative “k” 
1 Rt. 0.062 0.049 0.024 0.018 
Lt. 0.078 0.029 
2 0.046 0.052 0.040 0.028 
0.091 0.043 0.028 0.020 
3 0.044 0.050 0.064 0.030 
0.032 0.035 0.064 0.040 
4 0.027 0.045 0.031 0.057 
0.043 0.029 0.031 0.045 
5 0.035 0.025 0.017 0.046 
0.040 0.041 0.016 0.052 
6 0.097 0.031 0.046 0.050 
0.036 0.026 0.037 0.043 
7 O.112 0.064 0.064 0.044 
0.117 0.039 0.052 0.041 
8 0.076 0.053 0.029 0.038 
0.073 0.060 0.039 0.065 
9 0.047 0.047 0.042 0.063 
0.040 0.078 0.043 0.075 
10 0.091 0.029 0.030 0.039 
0.009 0.034 0.026 0.031 
Ir 0.053 0.065 0.019 0.045 
0.015 0.019 0.023 0.035 
12 0.041 O.1II 0.034 0.049 
0.088 0.036 0.036 0.034 
13 0.043 0.007 0.062 0.019 
0.030 0.014 0.059 0.025 
14 0.039 0.036 0.013 0.029 
0.067 0.102 
15 0.049 0.102 0.031 0.030 
0.052 0.110 0.028 0.020 
16 0.051 0.052 0.025 0.026 
0.048 0.168 0.025 0.026 
17 0.079 0.080 0.047 0.052 
0.079 0.061 0.051 0.026 
18 0.014 0.019 0.033 0.043 
0.034 0.030 0.029 0.044 
19 0.064 0.064 0.034 0.033 
0.036 0.045 
20 0.034 0.034 0.015 0.023 
21 0.046 0.113 0.040 0.038 
22 0.030 0.012 0.044 0.069 
23 0.024 0.058 0.021 0.034 
24 0.022 0.042 
25 0.035 0.021 
0.041 0.042 
Mean 0.053 0.052 0.036 0.038 











The mean postoperative “k” does not differ, significantly from the 
mean preoperative “k.” With pretest rest the individual preoperative 
and postoperative difference ranged between -++.038 and —.042. 








756 SURGERY, GYNECOLOGY AND OBSTETRICS 


lel the expected changes in blood flow. The 
rate of diffusion, which plays a considerable 
part in the clearance of the sodium from the 


tissues is assumed to be constant during a | 


single determination. Our results of normal 
and high “k’s” in phlebothrombosis indicate 
that perhaps in certain pathological states, an 
increased rate of diffusion may produce results 
different from those expected of blood flow. 

Increased blood flow following exercise has 
been demonstrated by many methods (2, 5, 
9). No experiments with which we are familiar 
have been done on the circulation in antagon- 
istic muscles. Our results indicate that the 
clearance of sodium is reduced below resting 
normal in muscles acting as antagonists to 
those muscles actually doing the work. This 
probably results from a shunting of blood to 
the tissues of higher metabolic activity. 

The mean “k” of the arteriosclerotics is 
significantly lower than normal. However, 
there is considerable overlapping into the 
normal range. This would seem to limit the 
method as an individual diagnostic procedure 
in arteriosclerosis obliterans. 

Homans was the first to demonstrate the 
relationship which exists between throm- 
bosis of the deep veins of the leg and pul- 
monary embolism. In subsequent years it 
has been shown that deep venous thrombosis 
is present commonly in persons dying from 
any cause in the latter half of life (7). Also it 
is now believed (1) that 95 per cent of all fatal 
pulmonary emboli arise from thrombosis of 
deep veins of the legs. It seems likely there- 
fore that within this region there is a predis- 
posing factor to thrombosis. It is well known 
that stasis is a predisposing cause of intra- 
vascular thrombosis. Abdominal distention 
and diminished respiratory excursion have 
been shown experimentally to decrease venous 
return to the heart. Prolonged bed rest is 
thought to account for the increased incidence 
of pulmonary emboli following hip fractures. 
It has not been demonstrated, however, 
whether or not operation per se is sufficient to 
cause stasis within the deep veins of the lower 
leg. Our results indicate that it does not reduce 
effective calf muscle circulation. 

The value of this method for the diagnosis 
of postoperative phlebothrombosis is obviated 


by several factors. The first is the consider- 
able individual variability between the pre- 
operative and postoperative “‘k’s” even in the 
absence of phlebothrombosis. The second is 
that many patients with phlebothrombosis 
have a normal or high “k.” Third, after 
operation in some patients, following the in- 
jection there was a slight amount of direct 
calf tenderness which interfered with clinical 
evaluation. No case of phlebothrombosis has 
developed in normal individuals following the 
test. Two patients with phlebothrombosis de- 
veloped puimonary emboli following the test, 
but a sequential relationship seems improb- 


able. 
CONCLUSIONS 


1. The sodium clearance method accurately 
reflects muscle blood flow changes. 

2. Operation per se does not reduce calf 
muscle circulation. 

3. The method is not generally useful in 
predicting or diagnosing postoperative phlebo- 
thrombosis because of physiologic variations. 

4. Sodium clearance in exercised muscles 
rises and in antagonistic muscles is reduced 
below the resting normal. 
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CANCER OF THE STOMACH 


HERE is an increasing tendency to- 

ward the advocation of total gastrec- 

tomy as a routine procedure for can- 
cer of the stomach. Until recently, partial 
gastrectomy has been the general rule unless 
the spread of obvious disease was so extensive 
that no resection offered hope of respite or 
cure. In a minority of cases, total gastrectomy 
was done only when, by this operation, all 
gross disease might be removed. By these 
methods, the cure rate is approximately 7 per 
cent of all cases appearing in a large general 
hospital. Of those on whom resection could be 
done, and who survived the operation, approx- 
imately 22 per cent were cured. It is natural, 
then, that there would come about a serious 
endeavor to improve the situation. 

Some statistics have been collected to stress 
the incidence of cancer found, at the time of 
death, in the remaining segment of stomach 
following partial gastrectomy, as a plea for a 
more general adoption of total gastrectomy. 


We are aware that comparatively few people 
return to the hospital for terminal care, and 
consequently the number of postmortem ex- 
aminations on patients dying late after opera- 
tion are relatively few. The pooled results of 
such evidence may be of value, but are prob- 
ably open to justifiable criticism, statistically. 
Doubtless these reports indicate that in many 
cases too little of the stomach was removed at 
the time of operation. On the other hand, lit- 
tle has been said in the majority of these au- 
topsy reports about the spread of disease found 
in irremovable areas. We cannot reasonably 
assume that in all cases these distant areas be- 
come involved later from the retained cancer 
cells in the remaining stomach segment. Pal- 
liative resections of the primary tumor area 
are common on the basis that this offers the 
best method of treating an obstructive lesion, 
and on the theoretical grounds that metasta- 
ses may grow less rapidly in the absence of the 
primary source. Also, it must be borne in mind 
that in approximately 50 per cent of these late 
autopsy examinations, there is revealed only 
distant disease, and no cancer in the retained 
segment of the stomach. 

Ina fair and logical review of such an unsatis- 
factory situation as we find in our present man- 
agement of cancer of the stomach we are faced 
with certain facts. This disease affects people 
in all walks of life, and both sexes, with some 
predilection for the male. The onset is insidi- 
ous, and the early symptoms are easily amelio- 
rated. The cure rate is low, and so far, sur- 
gery is the only effective method of treatment. 
It occurs with such frequency that with our 
present efforts to cure it we are left with can- 
cer of the stomach heading the list of causes of 
death from cancer in all parts of the body. 
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First of all, we must expand our educational 
program in all directions concerning cancer of 
the stomach. Physicians must constantly be 
alerted to the possibility of this disease in its 
early stages. Anorexia, nausea, fullness in the 
stomach, and indigestion do not begin in mid 
or late life in a previously healthy individual, 
without cause. Thorough investigation should 
be carried out without delay. Palliative treat- 
ment should be withheld until studies are com- 
plete. Gastric ulcer visible by x-ray, and char- 
acteristic in every way of a benign lesion, will 
prove to be cancer in at least 10 per cent of all 
cases. People should be repeatedly told that 
early and mild symptoms relating to their di- 
gestion must be reported to their physician at 
once. Laws should be passed banning radio 
and newspaper advertisements of remedies for 
indigestion, whether acid or otherwise. Here- 
in lies our greatest opportunity for the im- 
provement of results in the management of 
this difficult problem. 

It is well established that a high percentage 
of cures are obtained if cancer of the stomach 
is surgically treated in its early phases. Recent 
follow-up studies on cancer of the stomach 
patients treated at the Massachusetts General 
Hospital in Boston, reveal that 50 per cent of 
those with negative lymph nodes are alive and 
well 5 or more years after resection. It is ad- 
mitted that a considerable number of patients 
do appear with a short duration of symptoms 
and are subjected to early and complete ex- 
amination, which reveals an advanced and 
hopeless situation. By far the majority of 
them, however, could have had the diagnosis 
made at a remediable stage of their disease 
process, had they, and their physicians recog- 
nized the import of early manifestations. 

Human nature being as it is, we must face 
the matter as it stands. Although some signs 
of progress have been made both as regards 
previous educational efforts and technical pro- 


cedures, there remains much to be accom- 
plished. In consideration of the surgical treat- 
ment of cancer of the stomach, we must admit 
that this disease lends itself less well to a sat- 
isfactory surgical extirpation than cancer in 
many other locations in the body. Although 
one may remove the entire stomach, an ade- 
quate bloc dissection of the lymph and vascu- 
lar spread is practically impossible. The rou- 
tine elimination of the nodes along the major 
vessels and the omentum has improved the 
cure rate to some extent. Removal of the 
spleen and the distal half of the pancreas, and 
contact disease of the colon, edge of the liver, 
and extension of disease in the duodenum and 
esophagus, will salvage another small percent- 
age of cases. It does not appear feasible at 
this time, however, to include the total pan- 
creas, a lobe of the liver, the aortic and higher 
esophageal lymph nodes in the dissection. With 
the exception of the head of the pancreas, and 
one lobe of the liver, one would be justified in 
stating, however impractical at this time, that 
all other areas mentioned should be included 
if a so called adequate cancer operation is to 
be done. 

Although cure is the primary objective, we 
must consider two other important phases of 
the problem, namely, mortality and morbidity. 
It is recognized that total gastrectomy, if ap- 
plied to favorable and less extensive disease, 
can be done with a reasonably low mortality 
rate. In fact, one would expect that the im- 
mediate outcome would be in a direct ratio to 
the general condition, age of the patient, and 
the extent of the lesion. What we must con- 
sider is whether or not such a routine proce- 
dure as total gastrectomy, will increase the cure 
rate sufficiently to offset the added morbidity. 
Patients do live after total gastrectomy and 
some of them get along very well. If they sur- 
vive a sufficient number of years, they can usu- 
ally adapt themselves to the loss of the entire 








~ — — ~ ~*~ —e 6A a 


as 


ith 








EDITORIALS 759 


stomach. The majority of these patients, how- 
ever, have a difficult time maintaining life, and 
those who do so have left little excess energy 
to make their lives comfortable and happy. 
Few of them resume their normal role of occu- 
pation and economic status in the community. 

With our present state of knowledge, it seems 
that we should concentrate first on our educa- 
tional program—hoping that by so doing we 
may gradually but surely increase the percent- 
age of patients appearing with early cancer of 
the stomach. Second, we should extend our 
resections so far beyond the gross lesion that 
we rarely, if ever, leave local disease behind. 
With a frozen section of the resection edges of 
the stomach and duodenum or the esophagus, 
we may more often avoid an inadequate opera- 
tion. Although total gastrectomy may be left 
for those patients whose obvious disease proc- 
ess cannot otherwise be extirpated, this pro- 
cedure should be considered the operation of 
choice more frequently than it has been in the 
past. Looking at the entire problem, it does 
not appear logical at this time to subject all, 
or even a majority of all patients with resecta- 
ble cancer of the stomach to total gastrectomy. 

ARTHUR W. ALLEN. 


CHRONIC RELAPSING 
PANCREATITIS 


HRONIC relapsing pancreatitis is a 
distinct clinical entity characterized 
by recurring attacks of upper ab- 

dominal pain of variable frequency, severity 
and duration, in which there is typically an 
increased concentration of amylase or lipase 
or both in the serum. Later in the disease, in- 
creased concentration of pancreatic enzymes 
may fail to appear in the serum owing to ex- 
tensive damage to the acinar cells of the pan- 
creas. The disease is of sufficient frequency 
and seriousness that it must be considered in 


the differential diagnosis by the internist and 
surgeon when confronted with a patient pre- 
senting a history of recurring attacks of upper 
abdominal pain. 

The most important symptoms in relapsing 
pancreatitis are the recurring episodes of acute 
upper abdominal pain. The pain at times may 
be relatively mild, last for only a few hours 
and be confined to the epigastrium. More 
commonly and more characteristically, it is 
rather severe, often lasts for several days and 
may spread from the upper to the entire ab- 
domen, into the upper lumbar and lower 
dorsal regions of the back, left side of the 
chest and right iliac region, requiring one or 
more hypodermic injections of an opiate for 
relief. It is most characteristic when it is 
greatest in the left part of the epigastrium. 
Pain is often but not always gradual in de- 
velopment and cessation. It is commonly of a 
steady nature but there may be superimposed 
waves of exacerbation. Patients may vari- 
ously describe the pain of pancreatitis as 
cutting, piercing, burning, colicky or cramping. 
The attacks at first may be relatively mild 
and of short duration, later becoming more 
severe and more prolonged. The opposite oc- 
casionally may be true. 

Numerous symptoms may accompany the 
attack. There may be repeated nausea and 
vomiting, the latter affording partial relief. 
Duodenal obstruction with retention vomiting 
may occur due to marked edema or pseudo- 
cyst of the pancreas with duodenal compres- 
sion. Generalized abdominal distention, the 
inability to belch or to pass flatus and the 
feeling that all gastrointestinal activity ceases 
are common complaints. The development of 
borborygmi and the passage of flatus often 
herald an early cessation of the pain. Ab- 
dominal tenderness and anorexia and weak- 
ness may persist for several days after the last 
vestiges of pain have disappeared. Marked 
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obstipation and abdominal distention, due 
usually to ileus, are the rule during the acute 
episodes. Between the attacks various symp- 
toms may be present but nore are charac- 
teristic. 

Fatty, malodorous, voluminous stools char- 
acteristic of steatorrhea may be noted when- 
ever damage to the pancreas has been sufhi- 
cient. Patients with such stools often lose 
considerable weight and strength. 

Between the attacks physical examination 
may give entirely negative results. During 
the acute exacerbation there is often diffuse 
abdominal tenderness of the direct and re- 
bound type, greatest in the epigastrium. 
There may be muscle guarding and spasm, 
maximal in the epigastrium, but not the 
boardlike rigidity seen in the presence of a 
ruptured viscus. In the more severe spells 
with widespread fat necrosis a picture simu- 
lating generalized peritonitis may be pre- 
sented. Gastric retention may occur as the 
result either of ileus or of duodenal obstruc- 
tion by the enlarged pancreas. A tender epi- 
gastric mass due to the enlarged pancreas or a 
pancreatic pseudocyst and lying transversely 
in the epigastrium may be detected. Shock 
is uncommon. Percussion tenderness may be 
present over the upper lumbar region, often 
greatest on the left. A low-grade scleral 
icterus may occasionally be observed during 
the acute exacerbation. 

During the acute attack there is character- 
istic increase in the concentrations of serum 
amylase or lipase or both. Whenever damage 
to the pancreas has been severe enough, in- 
creased concentrations of these enyzmes do 
not occur. The concentration of serum amyl- 
ase usually returns to normal in roughly one 
to four days, while that of the serum lipase 
tends to remain elevated for a longer time, 
sometimes up to ten days. Between the acute 
seizures the concentrations of these enyzmes 


in the serum are normal. The concentrations of 
enzymes must be interpreted in the light of 
the history and physical findings, since some 
observers have found that in certain indi- 
viduals opiates are capable of producing in- 
creased concentrations in the absence of de- 
monstrable pancreatitis at exploration. 

The concentration of bilirubin in the serum 
may be increased during the acute seizure. 
Concentrations of serum calcium and phos- 
phorus may be decreased in the presence of 
extensive fat necrosis. Some observers have 
attached prognostic import to the values of 
these substances to the extent that they feel 
that concentrations of calcium below 7 milli- 
grams per 100 cubic centimeters usually sig- 
nify a fatal outcome. 

Any roentgenogram which shows the pan- 
creatic area may disclose pancreatic calcifica- 
tion. This includes a simple roentgenogram 
of the abdomen, and roentgenograms of the 
renal, ureteral, and bladder areas and of the 
lumbar portion of the spinal column. Chole- 
cystograms may reveal calcification in the 
head of the pancreas, but they usually fail to 
permit visualization of these lesions in the 
body and tail of the pancreas. Roentgeno- 
grams of the stomach and entire duodenum 
may at times reveal gastric retention and 
duodenal obstruction by the enlarged pan- 
creas. 

Pancreatic calcification, which may be lo- 
calized or diffuse, may appear in approxi- 
mately one-third to one-half of the cases of 
relapsing pancreatitis. Calcific deposits have 
been observed as early as a year and as late 
as ten to fifteen years after the first attack 
of pain. There may be extensive calcification 
without any evidence of disturbance in pan- 
creatic function. Diabetes mellitus may be 
expected to appear in roughly one-fourth to 
one-sixth of the cases of relapsing pancreatitis. 
and generally it tends to be mild. Pancreatic 
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steatorrhea may eventually develop in roughly 
one-fourth to one-third of the cases. Other 
complications include the presence of pancre- 
atic pseudocyst, pancreatic abscess, pylephle- 
bitis peripheral neuritis, hepatosplenomegaly 
with esophageal and gastric varices, hemate- 
mesis and melena. 

The microscopic findings in relapsing pan- 
creatitis are those of interstitial or intralobular 
fibrosis, necrosis, and atrophy. Hemorrhage, 
calcification in the pancreatic ducts or pa- 
renchyma, pseudocysts, and abscesses may be 
found. 

As in every disease, the first prerequisite to 
the diagnosis of relapsing pancreatitis is to 
think of its possibility in anyone who is af- 
flicted with recurring attacks of upper ab- 
dominal pain. When such attacks persist for 
several days and require multiple hypodermic 
injections of an opiate, and when the pain and 
tenderness are maximal in, or extend to, the 
left upper part of the abdomen and are asso- 
ciated with increased concentrations of amyl- 
ase and lipase in the serum, a presumptive 
diagnosis of pancreatitis can usually be made. 
The diagnosis can be proved beyond question 
when biopsy of the pancreas in an individual 
suffering from such attacks of pain reveals 
the findings characteristic of the disease. 
Greater difficulty in the diagnosis of the dis- 


ease will be found when the sole evidence is 
the history of recurring attacks of epigastric 
pain. 

Relapsing pancreatitis is most difficult to 
diagnose when the attacks are relatively short 
and mild, the pain is in an atypical location 
and there are no evidences of complications. 
The recurrent nature of the attacks, often 
with progressively increasing severity and 
frequency, and the finding of increased con- 
centrations of amylase and lipase in the serum 
during an attack usually lead one to the cor- 
rect diagnosis. 

Relapsing pancreatitis must be differenti- 
ated from such conditions as gall-stone colic 
or a complication thereof; ruptured abdominal 
viscus such as from peptic ulcer; diaphrag- 
matic hernia; crisis manifestations of a peptic 
ulcer of the stomach or duodenum; tabetic 
crises; and intermittent intestinal obstruc- 
tion. 

The simple expedient of suspecting the pos- 
sibility of relapsing pancreatitis in everyone 
who suffers from severe recurring episodes of 
upper abdominal pain and of drawing a sam- 
ple of blood during the attack or shortly there- 
after for determination of the concentration of 
serum amylase and lipase should result in the 
more frequent recognition of this disease. 

Eart E. GAMBILL. 








THE SURGEON’S LIBRARY 


REVIEWS OF 


HE clear cut thinking and formulation of basic 

principles of fractures which are so typical of 

most British bone and joint surgeons are reflect- 
ed in The Closed Treatment of Common Fractures! by 
John Charnley. A clear analysis of pathologic physi- 
ology and the need for conservative treatment of com- 
mon fractures by other than specialists in bone and 
joint surgery, namely the resident casualty surgeon, 
led to the production of this excellent work. So fun- 
damental and yet complete is its approach that Sir 
Harry Platt states in the foreword that “there is 
much in this monograph which will persuade the 
experienced orthopedic surgeon to re-examine some 
of his most cherished presuppositions.” 

The book is exceptionally well edited, the text 
interestingly written with key thoughts emphasized 
in italics or heavy print. Diagrams, photographs of 
patients, x-rays, and charts are numerous and well 
co-ordinated with text material. 

The mechanics of conservative treatment are 
thoroughly covered to give the reader a mental 
picture which is subsequently applied to fractures of 
various parts of the skeleton as covered in the body 
of the book. A soft tissue hinge consisting of the 
intact fibrous tissue on the concave side of the 
original deformity of most fractures is described as 
being the key to reduction of the fracture. The re- 
duction is then held by a padded plaster cast which 
exerts pressure at three precisely determined points 
on the skeleton and none at others. Late deformities, 
the problem of joint motion, the treatment of certain 
fractures without fixation, and the use of pressure 
bandage and the walking caliper are discussed. 
The subject of plaster technique in many of its 
phases with a list of errors committed in its applica- 
tion is presented. 

The book is well suited for the frequent use of 
anyone dealing with fractures. E. J. Cummins, Jr. 


Bh book by Lawson Wilkins entitled The Diag- 
nosis and Treatment of Endocrine Disorders in 
Childhood and Adolescence? has rightfully taken its 
place as an outstanding contribution to endo- 
crinology and medicine in general. Any student 
who wishes to attain some semblance of classifica- 
tion and understanding in a fast changing and almost 
chaotic field will profit tremendously by a consci- 
entious digest of this volume. 

1THE CLosED TREATMENT OF CoMMON FRACTURES. By John 
Charnley, B.Sc., M.B., F.A.C.S. Baltimore: The Williams & 
Wilkins Co., 1950. 

*Tue DIAGNOSIS AND TREATMENT OF ENDOCRINE DISORDERS 
In CHILDHOOD AND ADOLESCENCE. By Lawson Wilkins, M.D. 
Springfield, Ill.: Charles C Thomas, 1950. 


NEW BOOKS 


The numerous problems in endocrinology are 
clearly presented and classified. Many diagnostic 
signs which have been accumulated during many 
years of keen clinical observation add considerably 
to the book’s practical value. The text has been held 
to a minimum but this has been adequately supple- 
mented with charts and photographs. There is a 
minimal amount of controversial material elaborated 
upon, but sufficient references are given for the 
student who wishes to pursue the subject further. 
The charts are unusually clear, simplified, and easily 
read. The sequence of text, charts, and photo- 
graphic examples is of great help in fixing the 
various conditions in the mind of the reader. Sum- 
mary notes in heavy type quickly give one the inci- 
dence and pertinent diagnostic procedures in some 
of the rare diseases. 

Definitions of terms and classifications that are 
confusing to the average reader of endocrinology 
have been grouped and explained in so far as is 
possible. An excellent example of such clarification 
is given at the beginning of the chapter on hetero- 
sexual development. 

The author frequently refers to the variations of 
normal when starting the discussion of a rare endo- 
crine condition. This constantly reminds the readers 
that the common things must be considered first and 
ruled out. This common sense approach is fully 
carried out in the chapter on variations in the 
pattern of adolescent development. Here are por- 
trayed numerous examples of variations in normal 
adolescents who would and have received unneces- 
sary therapy at the hands of less experienced or un- 
scrupulous physicians. The obese child that is not an 
endocrine problem is equally well presented. Factual 
data are given to show why the basal metabolic rate 
does not accurately determine the metabolic rate of 
the obese child and why the reading is usually found 
to be low. 

The force of: Wilkins’ authority and experience 
should stiffen the spine of the practitioner about to 
treat one of these variations of normal unnecessarily. 

L. Martin Harpy. 


Ban second volume of Progress in Gynecology® 
appears 4 years after publication of volume 1 
and contains a wealth of information in the field of 
gynecology. The presentation of this information 
generally is directed at the clinical level, but some- 
times is beamed at the research level. 


3PROGRESS IN GYNECOLOGY. Edited by Joe V. Meigs, M.D., 
and Somers H. Sturgis, M.D. Vol. 2. New York: Grune & 
Stratton, 1950. 
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This reviewer was puzzled concerning for whom 
the book was assembled. In the preface to volume 1 
' the editors clearly state, “It is published at this par- 
ticular time for the purpose of refreshing and bringing 
up-to-date those medical men who have spent the 
last years in the Armed Forces of their country—.” 
No comparable statement appears in the preface of 
volume 2. In the last analysis, it would seem that 
any book should be judged on the basis of how well 
it fulfills the purpose for which it was intended. In 
a few instances, judgment regarding inclusion of ma- 
terial might be questioned, but again this requires 
knowledge concerning the rules for exclusion and 
inclusion. The editors state they have asked 
“various authors for a short, concise review of their 
own particular ‘hobby’,” and acknowledge this 
makes for a certain amount of overlapping. This is 
not a serious fault and, as the editors indicate, may 
even be beneficial. The riding of hobbies by the 
various authors is much more important than “‘over- 
lapping” and makes for undue emphasis, tending 
toward distortion in certain instances. Unfor- 
tunately, this bias is not counterbalanced by edi- 
torial comment and, therefore, represents potential 
therapeutic difficulty when the book is read by other 
than the trained gynecologist. 

Volume 2 of Progress in Gynecology, written by 78 
contributors, contains 821 pages. One doubts if 
there has been this much gynecic progress since 
1946. On the other hand, this excellent volume con- 
tains a great deal of good gynecologic information, 
only part of which represents recent advance. Might 
not a title like “Current Gynecologic Thought’’ ex- 
press more clearly what the editors are trying to do? 

Progress in Gynecology is divided into 10 sections: 
growth and physiology, diagnostic methods, func- 
tional disorders, interrelationship of endocrine 
glands, sterility and reproduction, infections and 
their treatment, benign growths, malignant growths, 
operative technique, and preoperative and _ post- 
operative care. Each section contains from 3 to 15 
chapters, each written by an authority in his sub- 
ject. Most of the chapters are good, many are ex- 
cellent, and a few are superb. 

There is much modern material in this book, and 
a great deal of value to all interested in gynecology. 
It is unhesitatingly and highly recommended to the 
gynecologist of mature judgment. 

WitiiAM F. MENGERT. 


Ts book History of Tie Woman’s Medical 
College, Philadelphia, Pennsylvania, 1850-1950 
written by a graduate of its class of 1908, is a non- 
fictional, well documented account of the founding 
of the first medical college for women in the history 
of education, a college which was founded in 1850 
because all medical schools were closed to the pio- 
neer women in medicine. This college was made 
possible because of the faith of a group of “generous, 

1HisTORY OF THE WomAN’s MeEpIcAL COLLEGE, PHILADEL- 


PHIA, PENNSYLVANIA 1850-1950. By Gulielma Fell Alsop, M.D. 
Philadelphia, London, Montreal: J. B. Lippincott Co., 1950. 
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broadminded, influential group of Quakers”—men, 
who believed “that woman, having received from 
her Creator the same intellectual constitution as 
man, has the same right as man to intellectual cul- 
ture and development.” 

It is the story of Ann Preston, first Dean of The 
Woman’s Medical College, and her faith—a faith 
which sends, ‘‘Emeline Horton Cleveland to Paris 
for a year’s study in obstetrics, to be a resident in a 
woman’s hospital as yet unbuilt, which was to be 
attached to a College which had closed its doors.” 
(When the Civil War broke out the College closed 
but reopened in 1862.) Ann Preston could not rest 
content until “the women students were permitted 
to those clinics,” such as the “famous teaching 
clinics of Blockley, Pennsylvania Hospital, and 
Jefferson Medical College,” for she was convinced 
that women must be trained in all branches of 
medicine. She said “prejudices are not amenable to 
reason. Your business is not to war with words, but 
to ‘make good’ your position ‘upon the bodies’ of 
your patients by deeds of healing. A woman of de- 
termination, ability, and courteous demeanor will 
here be able to go as far as her talents can take her.” 

It is the story of a struggle over almost a quarter 
of a century—from 1858 to 1881—to gain recogni- 
tion by the county and state medical societies, privi- 
leges which are taken for granted by the medical wom- 
en of today. It is an interesting portrayal of the 
history of the college over a period of 100 years, a 
history full of human interest, yet factual, of the 
“struggle for its survival and its modern develop- 
ment,” a history which covers the deanship of six 
women and their individual contributions toward 
the development and growth of this institution. 

Grace HEpGcock. 


_ Color Atlas of Pathology*, the first of two 
volumes “‘prepared under the auspices of the 
U. S. Naval Medical School of the National Naval 
Medical Center,” is a rather monumental work. 
Much of the credit is due Dr. Charles F. Geschickter 
who aided in its preparation during a tour of duty 
in the Naval Reserve during World War II and who 
continued on the project while serving in the ca- 
pacity of consultant. Sources of material, in addi- 
tion to the Medical Department of the Navy, in- 
cluded the Army Institute of Pathology, Johns 
Hopkins Hospital, and the Medical School of George- 
town University. Many naval medical and hospital 
corps officers as well as civilian employees worked 
together toward the achievement represented by this 
first volume. 

As indicated by the title, the text is an atlas of over 
500 pages with a satisfactory index. The majority of 
the colored plates are photomicrographs, though 
there are many of gross specimens and some of 
clinical cases. Black and white reproductions of 


2Cotor ATLAS OF PATHOLOGY. Prepared under the auspices of 
U. S. Naval Medical School of the National Naval Medical 
Center, Bethesda, Maryland. Philadelphia, London, Montreal: 
J. B. Lippincott Co., 1950. 
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roentgenograms are used to correlate the data. 
All of the photographs and photomicrographs are 
superb reproductions, have been well chosen, and 
portray the common as well as the uncommon lesions. 
Further, there is a cosmopolitan approach, as befits 
the Navy’s influence and the present ‘‘one world,” 
for many of the exotic, oriental, and parasitic dis- 
eases not or rarely encountered in the United States 
are included. 

In this volume the following are included: (1) 
hematopoietic system; (2) reticuloendothelial sys- 
tem; (3) diseases of respiratory tract; (4) cardio- 
vascular system; (5) alimentary tract; (6) liver, in- 
cluding gall bladder; (7) kidney and urinary tract; 
and (8) musculoskeletal system. 

There is an introductory concise, clearly worded 
discussion before each section. In many instances 
these comprise scarcely more than elaborated defi- 
nition. Hazy, unclear, and ambiguous descriptions 
as well as debatable topics are excluded. This seg- 
ment serves as the framework upon which the 


photographs and such are hung. As an average, 
there are three of these to a page, taking up the 
outer half of each one. The inner half consists of a 
column of briefly delineated explanatory remarks. 
Thus one may refer quickly to the photograph, 
to the photomicrograph, and then to the printed 
word. Properly used, this arrangement may be 
an excellent help to physicians reviewing pathology, 
to students learning it for the first time, and to 
those who are trained in the specialty and who may 
wish to use the text to illustrate a point or to serve 
as a reference. 

There is no bibliography. 

The binding and the print are splendid. 

No criticisms can be made (although a photograph 
of metastatic carcinoma of the liver seems indicated) 
and the book may be recommended with enthusiasm. 
Further, the Naval Medical Corps as representative 
of the military services should be commended for 
undertaking and completing the first half of such a 
task. M. C. WHEELOCK. 
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and such acknowledgment must be regarded as a sufficient 
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space permits. 
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FUNCTIONAL DISORDERS AND Mrnor PsycuosEs. By 
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A Text-Book oF X-ray D1acnosis. By British Authors, 
in Four Volumes. Edited by S. Cochrane Shanks, M.D., 
F.R.C.P., and Peter Kertey, M.D., F.R.C.P., F.F.R., 
D.M.R.E. Vol. 2, 2d ed. Philadelphia, London: W. B. 
Saunders Co., 1951. 
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Garfield G. Duncan. Philadelphia, London: W. B. Saun- 
ders Co., 1951. 

MammaPLastik. By Professor Dr. med. Fritz Schoer- 

cher. Munchen: Rieger’schen Universitatsbuchhandlung, 
1951. 
ACCEPTED DENTAL REMEDIES INCLUDING A LIST OF 
ACCEPTED PRropucts TOGETHER WITH OTHER INFORMATION 
COMPILED TO PROMOTE RATIONAL THERAPEUTICS IN 
DENTISTRY. 16th ed. Chicago: Council on Dental Ther- 
apeutics, American Dental Association, 1951. 

HERZSCHALLDIAGNOSTIK IN KLINIK UND PRAXIS; EINE 
EINFUEHRUNG IN DEN PRAKTISCHEN GEBRAUCH DER 
HERZSCHALLSCHREIBUNG. By Joergen Schmidt-Voigt. 
Stuttgart: Georg Thieme, 1951. 

THE NORMAL ENCEPHALOGRAM. By Leo M. Davidoff, 
M.D., and Cornelius G. Dyke, M.D. 3d rev. ed. Phil- 
adelphia: Lea & Febiger, 1951. 

THE ABNORMAL PNEUMOENCEPHALOGRAM. By Leo M. 
Davidoff, M.D., and Bernard S. Epstein, M.D. Philadel- 
phia: Lea & Febiger, rg50. 

ELECTROENCEPHALOGRAPHY IN CLINICAL PRACTICE. By 
Robert S. Schwab, M.D. Philadelphia, London: W. B. 
Saunders Co., 1951. 

THE CONTRIBUTION OF SURGERY TO PREVENTIVE 
MEDICINE. By Sir James Learmonth, K.C.V.O., C.B.E., 
Ch.M., F.R.C.S.E. London, New York, Toronto: Geoffrey 
Cumberlege Oxford University Press, 1951. 

THE KIDNEY; STRUCTURE AND FUNCTION IN HEALTH 
AND DisEASE. By Homer W. Smith, A.B., Sc.D., M.S. 
New York: Oxford University Press, 1951. 
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CLINICAL CONGRESS OF AMERICAN 
COLLEGE OF SURGEONS 


HENRY W. CAVE, New York, President 
ALTON OCHSNER, New Orleans, President-Elect 


PRELIMINARY PROGRAM FOR THE 37TH CLINICAL 
CONGRESS — CIVIC AUDITORIUM, SAN FRANCISCO, 
NOVEMBER 5 TO 9, 1951 


HE thirty-seventh annual Clinical Con- 

gress of the American College of Sur- 

geons will be held in San Francisco 

November 5 to 9. The Fellows of the 
College and the hospital personnel of the San 
Francisco area will sponsor an extensive program 
of operative clinics and demonstrations covering 
all phases of surgical and hospital activity. 

The Civic Auditorium will house the scientific 
exhibit, the extensive exhibit of medical and hos- 
pital supplies and equipment, color television and 
medical motion picture showings, the cine clinics, 
and the major scientific sessions. Other sessions 
will be held at the Fairmont Hotel. 

Registration and administrative office head- 
quarters will be in the Civic Auditorium and the 
Fairmont Hotel, respectively. 

This will be the second time that San Francisco 
has been host city for the Clinical Congress, and 
the third time that the Congress has been held in 
California. The 25th Clinical Congress was held 
in San Francisco in 1935, and the 34th in Los 
Angeles in 1948. 


COLOR TELEVISION AND CINE CLINICS 


Color telecasts of surgical procedures at one of 
the hospitals will be shown daily during the Con- 
gress. The television will again be furnished by 
Smith, Kline & French, Inc., of Philadelphia. 

As a result of the great popularity of the cine 
clinics at the Clinical Congress in Boston last year 
under the sponsorship of Davis & Geck, Inc., an 
enlarged program of this type is planned for San 
Francisco. 

OFFICIAL MEETINGS 

A meeting of the Governors of the College will 
begin with luncheon on Monday, and continue in 
the afternoon, 


Dr. Henry W. Cave of New York, the outgoing 

President, will deliver the Presidential address at 
the Presidential Meeting on Monday evening. At 
the same session Dr. Alton Ochsner of New Or- 
leans will be installed as President, Dr. Thomas 
H. Lanman of Boston as First Vice President, and 
Dr. Joel W. Baker of Seattle as Second Vice 
President. The Sixth Martin Memorial Lecture 
will also be included in this program. 
* The annual Convocation will be held on the 
final evening, Friday. The formal initiation cere- 
monies and the presentation of the Fellowship 
Address will constitute the program. 

The Annual Meeting of Fellows will be held on 
Thursday afternoon. 


EVENING SCIENTIFIC SESSIONS 


Eminent surgeons and specialists, recognized as 
authorities in their fields, will address the scientific 
meetings which will be held on Tuesday, Wednes- 
day, and Thursday evenings. Three concurrent 
sessions will be held each evening for general sur- 
geons, ophthalmologists, and otorhinolaryngolo- 
gists, respectively. 


PANEL DISCUSSIONS AND SYMPOSIA 


General surgery panel discussions will be held 
Monday through Thursday afternoons. Ophthal- 
mology and otorhinolaryngology panel discussions 
will also be held separately on the same after- 
noons. Friday afternoon will be devoted to panel 
discussions for six special fields of surgery as fol- 
lows: orthopedic surgery, plastic surgery, uro- 
logical surgery, thoracic surgery, neurological sur- 
gery, and obstetrics and gynecological surgery. 

A series of symposia relating to cancer, to 
trauma, and to graduate training in surgery, will 
be arranged, 
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FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 

The Forum on Fundamental Surgical Problems 
will again be featured in ten or more sessions in 
which there will be presented brief reports of 
original clinical and experimental observations re- 
lating to the broad aspects of general surgery and 
the surgical specialties. A large number of ab- 
stracts have already been received from which 
selection for presentation will be made by the 
Committee, of which Dr. Owen Wangensteen of 
Minneapolis is the chairman. As a result of the 
large demand for the volume Surgical Forum pub- 
lished by W. B. Saunders Company, which con- 
tained 106 papers in full and 58 others in abstract 
form, all of which were presented at the 1950 
Clinical Congress, it is planned to publish the 1951 
papers in a similar volume. 


MEDICAL MOTION PICTURE PROGRAM 


The Medical Motion Picture Committee is now 
choosing films which are to be shown in San 
Francisco. Films which have been recently pro- 
duced should be forwarded to the College for im- 
mediate review as it is the policy to include in the 
Clinical Congress program only those films submit- 
ted in time to obtain approval by the Committee. 


HOSPITAL CONFERENCES 


The thirtieth Hospital Standardization Con- 
ference will convene during the first 4 days of the 
Clinical Congress. Hospital administrators, trus- 
tees, members of medical staffs, nurses, techni- 
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cians, dietitians, and heads of the various hospital 
departments and their personnel, are invited to 
participate in the discussions at the conferences 
which will be directed by leading authorities in 
the hospital field. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Clinical Con- 
gress should register in advance. Advance regis- 
tration will greatly expedite the procedure of 
registering. No registration fee will be charged 
Fellows whose dues are paid to December 31, 
1950. For endorsed candidates, the fee will be 
$5.00. Non-Fellows who after individual con- 
sideration are permitted to register will pay a fee 
of $10.00. No registration fee will be required of 
initiates of the class of 1951. 


HOTEL RESERVATIONS 


It is desirable that hotel reservations be made 
as early as possible. In making these, the form 
should be enclosed which is being sent to Fellows 
with a special letter about the Clinical Congress. 
Choice of hotels may be designated, but the form 
should be sent to the San Francisco Convention 
and Visitors’ Bureau, which is starting to book 
reservations about June 1. No correspondence 
should be sent directly to the hotels. It is impor- 
tant that you state in any communication about 
hotel reservations that you will be attending the 
Clinical Congress of the American College’ of 
Surgeons. 








